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I.  On  Deal  Pendulum  Rods.     By  Mr.T..  Walkek. 

To  Mr.  Tilloch, — Sir, 
As  ray  paper,  containing  a  short  abstract  of  the  rates  of 
going  of  clocks  with  wooden  pendulum  rods,  may  appear  to 
some  of  your  readers  a  coinmunitation  of  too  little  impor- 
tance to  obtain  a  place  in  the  Philosophical  Magazine,  it 
may  not  he  improper  to  observe,  that  it  is  only  from  such 
registers  we  can  judee  how  much  one  time-keeper  is  prefer- 
able to  another.  For,  who  would  believe,  without  having 
recourse  to  facts,  that  clocks  with  deal  pendulum  rods  per- 
form nearly  as  well  as  the  transit  clock  at  the  Royal  Obser- 
vatory ? 

The  performance  of  my  clock  shows  some  properties  in 
pendulums  with  deal  rods,  which  differ  from  those  composed 
ftf  rods  of  different  metals,  to  counteract  the  effects  of  heal 
and  cold. — It  evidently  appears  from  my  former  paper*  : 

First,  That  this  clock  lost  of  true  time  at  one  season  of  the 
vear  and  gained  at  another. 

Secondly,  That  twice  every  year  it  went  true  time  :  and. 

Thirdly,  That  those  variations  took  place  regularly  during 
eis[ht  vears. 

The  same  paper  also  shows,  that  there  is  very  little  diffe- 
rence in  the  rates  of  the  four  pendulums,  althouffh  they  were 
made  by  different  artists  at  different  times,  and  consequently 
that  they  were  made  out  of  liifferent  pieces  of  wood. 

When  the  performance  of  my  clock  is  compared  with 
that  of  the  celebrated  astronomical  clock  at  Greenwich  with 
a  gridiron  pendulum,  made  by  Mr.  John  Shelton,  under  th*- 

*  Philosophical  Magazine,  vol.  xixiii.  p.  30. 

Vol.  34.  No.  135.  July  1809.  A  2  direction 
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direction  of  Mr.  Graham,  the  diflerence  is  much  less  than 
iniglit  be  expected. 

The  following  variations  of  the  dailv  rate  of  the  Green- 
wich clock  were  taken  from  Dr.  Maskelyne's  observations 
of  the  sun. 

Tal'lc  of  greatest  Variations  In  the  daily  Hate  of  the  transit 
Clock  at  ike  Royal  Observaiunj , 

Greatest  an- 
Clock  varies     nual    varia- 


from  sidereal 

time  per 

day. 


tion   in  tlie 

daily  rate  of 

the  clock. 


—  o-y;/ 
+  i>-io^ 

—  2-53/ 

—  0-0]  / 


3-07 
4-63 
3'75 


1793.  April  4  to  15      .. 
May  12  to  13      .  . 

1794.  February  25  to  26 
December  18  to  19 

1795.  January  3  to  4     . . 
August  10  to  II 

1796.  May  6.  Raised  the  bob  of  the 

penduluni. 

1797.  July  31.  Ditto. 
179s.  Julv   31.     Clock    was   cleaned, 

on:!     the    compen'^ation    for 
heat  and  rold  increased. 

1799.  January  15  tu  16 
December  2S  to  29 

1800.  May  2  to  3 
December  3  to  4 

1 766  *  May  6  to  7 

August  I  to  2 

N.o\v,  the  sum.  of  the  last  column  in  the  above  table  di- 
vijjed  by  6,  gives  the  mean  annual  variation  in  the  daily  rate 
of  the  transit  clock  at  Greenwich  for  six  years  =  3"9'^. 

And  thus  the  mean  annual  variation  of  my  clock  is  found 
for  the  same  number  of  years  =  5*41'".  Consequently  the 
transit  clock  at  the  Royal  Observatory  went  only  1-51'''  per 
annum  nearer  true  time,  than  a  clock  with  a  pendulum  rod 
of  \v(H)d. — Nor  is  this  a  matter  that  need  astonish  any  one 
who  understands  the  construction  of  the  two  pendulums. 

In  the  gridiron  penduluni   there  is  sottie  friction,  vvhich 

*  See  an  account  of  the  going  of  Mr.  Harrison's  watch,  at  the  Royal  Ob^ 
jprv^t'ory. 

'----'  ousht 


—  0-87\ 
+    1-S4/ 

—  O-44'l 
+  4-16/ 
+    l-34\ 

—  3-SO/ 


2-71 

4- 60 
4'64 
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ought  always  to  be  avoided  in  any  compensation  anplied  to 
time- keepers  :  and  moreover,  the  length  of  the  pendulum 
may  be  increased  by  its  own  weight ;  indeed,  the  great  num- 
ber of  times  that  the  bob  ot  the  transit  clock  at  ihe  Royal 
Observatory  has  been  raised^  renders  this  supposition  more 
than  probable. 

In  a  pendulum  with  a  wooden  rod  there  is  no  friction  ;  and 
as  my  pendulum  was  not  altered  during  six  successive  years, 
except  by  the  vicissitudes  of  dryness  and  moisture,  the 
weight  of  the  bob  or  lens  had  no  tendency  to  increase  the 
length  of  the  rod.  And  it  may  be  further  observed,  that, 
as  the  cleaning  of  the  clock  made  no  alteration  in  its  daily 
rate,  it  seems  probable  that  the  pendulum  is  the  only  part  of 
it  which  measures  the  time  into  equal  portions. 

It  may  not  be  foreign  to  my  subject  to  explain  the  hy- 
grometer which  I  made  use  of  to  determine  that  the  length 
of  this  pendulum  was  altered  by  dryneis  and  moisture,  not 
by  heat  and  cold. 

It  is  not  necessary  that  we  should  always  have  recourse  to 
philosophical  instruments  to  investigate  the  operations  of 
Nature;  for  instruments  made  for  ordinary  purposes  may 
sometimes,  by  common  observation,  lead  us  to  new  truths. 

My  clock  stands  in  a  room  in  whith  there  has  been  no 
fire  for  many  years.  In  this  situation  the  clock  case,  which 
is  made  of  mahogany,  acts  as  a  hygrometer.  For  in  the 
dric-ot  season  of  .the  year  llse  door  is  so  contracted  as  not 
to  touch  one  side  of  the  ca^e  :  but  when  the  atmosphere  is 
very  moist  the  door  is  so  much  increased  in  breadth  that  it 
cannot  be  opened,  wuhout  us.ag  a  force  which  might  alter 
the  rate  of  the  clock. 

When  the  door  was  too  little  for  the  clock  case,  the  clock 
always  gained  of  true  time,  but  it  alwavs  lost  \\\\<^v\  the  door 
could  not  be  opened.  Hence  it  is  evident,  that  a  damp  at- 
mosphere, which  increased  the  breadiii  of  the  clock  case 
door,  increased  the  length  of  the  pendulum  rod  ;  and  a  drv 
atmosphere,  which  contracted  the  breadtii  of  \he  door,  con- 
tracted, at  the  same  time,  the  deal  rod  of  the  pendulum. 
I  am,  sir,  your  very  humble  servant, 

Lynn,  July  5,  1809.  E.  WaLKER. 

A3  II.  The 


[     6     ] 

IT.  The  Bakerian  Lecture,  ^n  Account  of  some  neiu  anali/' 
tical  Researches  on  the  Nature  of  certain  Bodies,  particii- 
larlu  the  Alkalies,  Phosphorus,  Sulphur,  Carbonaceous 
Matter,  and  the  Acids  hitherto  undeco7nposed  ;  with  some 
general  Observations  on  Chemical  Theory,  By  Humphry 
Daw,  Esq.,  Sec.  R.S.,  F.R.S.  Edin.,  and  M.R.I.A. 

[Continued  from  vol.  xxxiii.  p.  488.] 

'"'■^s  an  inflammable  gas  alone,  having  the  obvious  propertie? 
cf  hvdrogen  is  given  off  during  the  action  oi'  potassium  upon 
ammonia,  and  as  nothing  but  gases  apparently  the  same  a« 
hydrogen  and  nitrogen,  nearly  in  the  proportions  in  which 
they  e.xist  in  volatile  alkali,  are  evolved  during  the  exposure 

'  of  the  eompound  to  the  degree  of  heat  which  I  have  speci- 
fied ;  and  as  the  residual  substance  produces  ammonia  with 
a  little  hvdrogen  by  the  action  of  water,  it  occurred  to  me, 
that,  on  the  principles  of  the  antiphlogistic  theory,  it  ought 
to  be  a  compound  of  potassium,  a  little  oxygen  and  nitro- 
rren,  or  a  combination  of  a  suboxide  of  potassium  and  nitro- 
gen ;  for  the  hvdrogen  disengaged  in  the  operations  of  which 
it  was  the  result,  nearly  equalled  the  whole  quantity  con- 
tained in  the  ammonia  employed  ;  and  it  was  easy  to  explatrj 
the  fact  of  the  reproduction  of  the  ammonia  by  water,  ov. 

'  the  supposition,  that  bv   combination   with   one  portion  ol 

*  the  oxv2;en  of  the  waier^  the  oxide  of  potassium  became  pot- 
ash, and  by  combination  with  another  portion  and  its  hydro- 
(Tcn,  the  nitrooren  was  converted  into  volatile  alkali. 

With  a  view  to  ascertain  this  point,  I  made  several  expe- 
riments on  various  residuums,  procured  in  the  way  that  I 
have  just  stated,  from  the  action  of  equal  quantities  of  potas- 
sium on  dry  ammonia  in  platina  trays,  each  portion  of  metal 
equalling  six  grains. 

In  the  first  trials,  I  endeavoured  to  ascertain  the  quantity" 
of  ammonia  generated  by  the  action  of  water  upon  a  resi- 
duum, by  heating  it  with  muriate  of  lime  or  potash  partially 
deprived  of  moisture  ;  and  after  several  trials,  many  of  which 
failed,  I  succeeded  in  obtaining  four  cubical  inches  and  a  half 
of  ammonia.     In  three  other  cases,  w  here-  there  was  reason 

to 
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4o  suspect  a  small  excess  of  water,  the  quantities  of  am- 
monia were  three  cubical  inches  and  a  half,  three  and  eight 
tenths,  and  four  and  two  tenths. 

These  experimeiits  were  performed  in  the  iron  tube  used 
for  the  former  process ;  the  trav  was  not  withdrawn;  but 
the  salt  introduced  in  powder,  and  the  apparatus  exhausted 
as  before,  then  filled  with  hydrogen,  and  then  gently  heated 
in  a  small  portable  forge. 

Having  ascertained  what  quantity  of  ammonia  was  £i;iv'cn 
off  from  the  residuum,  I  endeavoured  to  discover  what  quan- 
tity of  nitrogen  it  produced  in  combustion,  and  what  quan- 
tity of  oxygen  it  absorbed.  The  methods  that  I  employed, 
were  by  introducing  the  trays  into  vessels  filled  with  oxygert 
gas  over  mercury.  The  product  often  inflamed  spon- 
taneously, and  could  always  be  made  to  burn  by  a  slight  de- 
gree of  heat. 

In  the  trial  that  I  regard  as  the  most  accurate,  tvv'o  cubical 
inches  and  a  half  of  oxygen  were  absorbed,  and  only  a  cubi- 
cal inch  and  one-tenth  of  nitrogen  evolved. 

Surprised  at  the  smallness  of  the  quantity  of  the  nitrogen, 
I  sought  for  ammonia  in  the  products  of  these  ojierations  ; 
l>ut  various  trials  convinced  me  that  none  was  formed.  I 
exammed  the  solid  substances  produced,  expecting  nitrous 
acid-  but  the  matter  proved  to  be  dry  potash,  apparently 
pure,  and  not  affording  the  slightest  traces  of  acid. 

The  quantity  of  nitrogen  existing  in  the  ammonia,  wiiich 
this  residuum  would  have  produced  by  the  action  of  watery 
supposing  the  volatile  alkali  decomposed  by  electricity,  would 
have  equalled!  at  least  two  cubical  inches  and  .a  quarter. 

I  heated  the  same  proportions  of  residuum  with  the  red 
oxide  of  mercury,  and  the  red  oxide  of  lead  in  vacuo,  ex- 
jiecting  that  when  oxygen  was  supplied  in  a  gradual  way, 
the  result  might  be  different  from  that  of  combustion  ;  hut 
in  neither  of  these  cases  did  the  quantity  of  nitrogen  exceed 
a  cubical  inch  and  a  half. 

But  Qn  what  could  this  loss  of  nitrogen  depend;  Had  it 
entered  into  any  unknown  form  with  oxygen  ;  or  did  it  noc 
really  exist  in  the  residuum  in  the  same  quantity,  as  in  the 
ammonia  produced  iiom  it  ? 

A  4  I  hoped 
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I  hoped  that  an  cxpcriitietit  of  expusinc:  the  residuum  to 
intense  heat  niiuht  t-nlit^laen  the  uiquiry.  Id-stilUd  one  ot" 
the  portioiis  which  had  been  covered  vvithnaplnha,  in  a  lube 
of  wrought  platina  made  for  the  purpose.  The  tube  had 
been  exhausted  and  tilled  with  hydrogen,  and  exhaui.ed 
again,  and  \\a<  then  connected  with  a  pneumatic  niercurial 
apparatus.  Heat  was  at  first  sloivly  applied  till  the  naphtha 
had  been  driven  over.  It  was  then  raided  rapidly  by  an  ex- 
cellent forge.  When  the  tube  became  cherry  red,  gas  \\as 
developed  ;  it  continued  to  be  generated  for  some  minutes. 
When  the  tube  had  received  the  most  intense  heat  that 
could  be  applied,  the  operation  was  stopped.  The  quantity 
of  gas  collected,  making  the  proper  corrections  and  reduc- 
tions, would  have  been  three  cubical  inches  and  a  half  at 
the  mean  temperature  and  pressure.  Twelve  measures  of  it 
were  mixed  with  six  of  oxvgen  gas,  the  electrical  s;:jark  was 
passed  through  the  mixture  5  a  strong  inflanmiation  took 
place,  the  diminution  was  to  three  measures  and  a  half,  and 
the  residuum  contained  oxvgen.  This  experiment  was  re- 
peated upon  different  quantities  with  the  same  comparative 
results. 

In  examining  the  platina  tube,  which  had  a  screw  adapted 
to  it  at  the  lower  extremity,  by  means  of  which  it  could 
.»  be  opened,  the  lower  part  was  found  to  contain  potash, 
which  had  ail  the  properties  of  the  pure  alkali,  and  in  ihe 
upper  part  there  was  a  quantity  of  potassium.  Water  poured 
into  the  tube  produced  a  violent  heat  and  inflammation, 
but  no  smell  of  ammonia. 

This  result  was  so  unexpected  and  so  extraordinary,  that 
I  at  first  supposed  there  was  some  source  of  error.  I  had 
calculated  upon  procuring  nitrogen  as  the  only  aeriform 
product;  I  obtained  an  elastic  fluid  which  gave  much  more 
diminution  by  detonation  with  oxygen,  than  that  produced 
from  ammonia  by  electricity. 

I  now  made  the  experiment,  by  heating  the  entire  fusible 
substance,  from  six  grains  of  potassium  which  had  absorbed 
twelve  cubical  inches  of  ammonia,  in  the  iron  tube,  in  the 
manner  before  described.  The  heat  was  gradually  raised  to 
whiteness,  and  the  gas  collected  in  two  portions.  The 
••    .  8  \^hole 
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whole  quantity  generated,  niiking  the  nsua!  corrections  for 
teiJioerature  and  piessure,  and  ihs  portion  of  hydrogen  ori- 
ginally in  the  tube,  aiu!  the  res  diuim,  would  hrve  been 
fourteen  cubical  inches  and  a  half  at  the  nrean  degree  of  the 
barometer  and  thermometer.  Of  these,  ntarlv  a  cubical 
inch  was  ammonia  and  the  renjaindcr  a  gas,  of  which  ilie 
portion  destructible  by  detonation  with  oxygen,  was  to  the 
indestructible  portion,  as  27  to  1. 

The  lower  part  \)i'  the  tube,  where  the  heat  had  been  in- 
tense, was  found  surrounded  with  potash  in  a  vitreous  form  ; 
the  upper  part  contained  a  ccnsldtrable  quantity  of  potas- 
sium. 

In  another  similar  experiment,  made  expressly  for  the 
purposes  of  asceriaminfi  ilicquatuitv  of  potassium  recovered, 
the  same  elastic  products  were  evolved.  The  tube  wa=<  suf- 
fered to  cool,  the  stop  eotk  being  open  in  contact  with 
mercury,  it  was  filled  with  mercury,  and  the  mercury  dis- 
placed bv  water;  when  two  cubical  inches  and  three  quar- 
ter; of  hydrofTcn  sas  were  generated,  which  proved  tlvac  at 
least  two  grains  ai\d  a  half  of  potassium  had  been  revived. 

Now,  if  a  calculation  be  made  upon  the  products  in  these 
operations,  considcririg  iliem  as  nitroiien  and  hvdrosen,  and 
takmg  tl;e  comition  standard  of  temperature  a:vJ  pre.-;sure,  it 
will  be  found,  that  bv  the  decomposition  of  II  cubical  in- 
ches of  ammonia  equal  to  2*05  grains,  there  is  generated  3*6 
cubical  iiich.es  of  nitrogen,  cr^ual  to  \'06  Grains,  and  9*9 
cubical  inches  of  hydrogen,  whicli  added  to  ih;it  disenga2;ed 
in  the  first  operation  equal  to  about  61  cubical  inches,  are 
together  equal  to  '332  grains;  and  the  oxygen  added  to  3-5 
grains  of  potassium  would  be  '6  grair.s,  and  the  whole 
amount  is  2*04  grains  ;  and  2-Oj  —  2-04  = '01 .  But  the 
Same  quantity  of  ammonia,  decomposed  by  ^electricity, 
would  have  given  5'5  cubical  inches  of  nitrogen  equal  to  1-6 
grains,  and  onlv  14  cubical  inches  of  hydrogen*  equal  to 
•33,  and  allowing  the  separation  of  oxvgen  in  this  process 
iir  water,  it  cannot  be  estimated  at  more  than  '11  or  '12. 

So  that  if  the  analysis  of  ammo:iia  bv  electricity  at  all  ap- 
proaches towards  accuracy;  in  the  process  just  described, 

*  Scs  P'jilosophicaJ  Trer.sactions  for  ISOS,  p.  40. 
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there  is  a  considerable  loss  of  nitrogen,  and  a  production  of 
oxygen  and  inflanimable  gas. 

And  in  the  action  of  water  upon  the  residuum,  in  the  ex- 
periment page  32,  there  is  an  apparent  generation  of  nitro- 
gen. 

How  can  these  extraordinary  results  be  explained? 

The  <Iecompositi(jn  and  composition  of  nitrogen  seem 
proved,  allowing  the  coirectness  of  the  data;  and  one  of  its 
elements  appears  to  be  oxygen  ;  but  what  is  its  other  ele- 
mentary matter  ? 

Is  the  gas  that  appears  to  possess  the  pro[)erties  of  hydro- 
gen, a  new  species  of  inflannnable  aeriform  substance? 

Or  has  nitrogen  a  metallic  basis  which  alloys  with  the 
iron  or  platina  ? 

Or  is  water  alike  ihe  ponderable  matter  of  nitrogen,  hy- 
drogen, and  oxygen  ? 

Or  is  nitrogen  a  compound  of  hydrogen  with  a  larger  pro- 
portion of  oxygen  than  exists  in  water  ? 

These  important  questions,  the  two  first  of  which  seem 
the  least  likely  to  be  answered  in  the  affirmative,  from  the 
correspondence  between  the  weight  of  the  annnonia  decom- 
posed, and  the  products,  supposing  them  to  be  known  sub- 
stances, I  shall  use  eycry  effort  to  solve  by  new  labours, 
and  I  hope  soon  to  be  able  to  communicate  the  results  of 
further  experiments  on  the  subject  to  the  Society. 

As  the  Inquiry  now  stands,  it  is  however  sufficiently  de- 
monstrative, that  the  opinion  which  I  had  ventured  to  form 
respecting  the  decoinposiiion  of  amnnMia  in  this  experiment, 
is  correct;  and  that  MM.  Gay  Lussac's  and  Thenard's  idea 
of  the  decomposition  of  the  potassiu.-n,  and  their  theory  of 
its  being  compounded  oi  hydrogen  and  potash,  are  unfounded. 

For  a  considerable  part  of  the  potassium  is  recovered  un- 
altered, and  in  the  entire  decomposition  of  the  fusible  sub- 
stance, there  is  only  a  small  excess  of  hydrogen  above  that 
existlntr  in  the  anmionia  acted  upon. 

The  mere  phenomena  of  the  process  likewise,  if  minutely 
examined,  prove  the  same  thing. 

Alter  the  first  slight  effervc-jcence,  owing  to  the  water  ab- 
sorbed by  the  potash  formed  upon  the  potassium  during  its 

exposure 
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exposure  to  the  air,  the  operation  proceeds  with  the  greatest 
tranquilHty.  No  elastic  fluid  is  given  off  from  the  potas- 
sium ;  it  often  appears  covered  with  the  olive-coloured  sub- 
stance, and  as  if  it  were  evolving  hydrogen;  this  must  pass 
through  the  fluid ;  but  even  to  the  end  of  the  operation,  no 
such  appearance  occurs. 

The  crystallized  and  spongv  substance,  formed  in  the  first 
part  of  the  process,  I  am  inclined  to  consider  as  a  combina- 
tion of  amnionium  and  potassium,  for  it  emits  a  smell  of 
ammonia  when  exposed  to  air,  and  is  considerably  lighter 
than  potasaium. 

I  at  first  thought  that  a  solid  compound  of  hydrogen  and 
potassium  might  be  generated  in  the  first  part  of  this  opera- 
tion :  iiiit  experiments  on  the  immediate  action  of  potassium 
and  hydrogen  did  not  favour  this  opinion.  Potassium,  as  I 
ventured  to  conclude  in  the  Bakerian  Lecture  for  1807  *j  i> 

ver\- 

*  MM.  Gay  Lussac  and  Thenard  seem  to  be  of  a  different  opinion.  In  ri)e 
Moniteur,  to  which  I  have  so  often  referred,  it  is  related,  that  these  distin- 
guished chemists,  exposing  hydrogen  to  potassium  at  a  high  temperature, 
found  that  the  hydrogen  was  absorbed,  and  that  it  formed  a  compound  wfth 
the  potassium  of  a  light  gray  colour,  from  which  hydrogen  was  capable  of 
being  obtained  by  the  action  of  water  or  mercury. 

After  a  number  of  trials,  I  have  not  been  able  to  w:tne?=  this  re?i:It.  In  an 
experiment  which  I  made  in  the  presence  of  Mr.  Pepys,  and  which  [  have 
often  repeated,  and  twice  before  a  numerous  assembly,  in  retorts  of  o'ate 
glass,  four  grains  of  potassium  were  heated  in  fourteen  cubical  inches  of  pure 
hydrogen.  At  first,  while  fumes  arose  and  precipitated  themselves  in  t!ie 
neck  of  the  retort.  When  a  considerable  film  of  the  precipitate  had  collected, 
its  colour  appearad  a  bright  gray,  and  after  the  first  two  or  three  minutes, 
it  cea=ed  to  be  formed. 

The  bottom  of  the  retort  was  heated  to  redness,  when  iiie  potassium  bcp-sn 
to  sublime  and  condenie  on  the  sides. 

The  process  was  stopped,  and  the  retort  suffered  to  cooL  The  absorption 
was  not  equal  to  a  quarter  of  a  cubical  inch.  When  the  retorr  was  broken, 
the  gas  in  passing  into  the  atmosphere,  produced  ati  explosion  with  most  virid 
light,  and  white  fumes.  T.ie  potassium  remaining  in  the  retort,  and  th.ir 
which  had  sublimed,  seemed  unaltered  in  their  properties. 

The  grayish  substance  inflam.ed  by  the  action  of  water,  but  did  not  seem 
to  be  combinable  v.'ith  mercury.  I  am  inclined  to  attribuTe  its  formation  to 
the  agency  of  moisture  suspended  in  the  hydrogen,  and  to  consider  it  as  s 
triple  compound  of  potas^-ium,  oivgcn,  and  hydrogen. 

When  potassium  is  heated  in  a  g-as  containing  tlydrogen,  and  from  ■.-  to  J 
•f  comiaon  air,  it  i^  formed  in  greater  quantities,-  and  a  crost  of  it  covers  the 
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very  soluble  ia  hydrog-en  ;  but,  under  common  civcum- 
stances,  hydrogen  does  not  seem  to  be  absorbable  by  po- 
t.'ii;sium. 

III.  Analytical  Experiments  on  S>iljjhiir. 
I  have  rcl'erred,  on  a  lornier  occasion*,  to  the  experiments 

metal,  and  -in  the  process  there  is  an  ak^^orption  both  of  hy<::''gcn  and  oxy- 
gea.  It  is  ll'<cwise  produced  in  expeiiir.ents  an  the  generation  of  potassium 
by  exposing  pof.sh  to  )gr}itcd  iron,  at  the  time  (I  believe)  thit  common  air  is 
admitted,  during  the  cooling  of  the  tube. 

It  is  non-ccnducting,  inflaines  spontaneously  in  air,  and  produces  potash 
and  aqueous  vapour  by  its  combustion. 

When  potassium  is  heated  in  hydrogen  in  a  fiint  glass  retort,  or  even  for  a 
great  length  of  time  in  a  green  glass  retort,  there  is  an  absorption  of  jjie  gas ; 
but  this  is  indepeudent  of  the  presence  of  potassium,  and  is  owing  to  the  ac- 
tion of  the  metallic  oxides  in  the  glass  upon  the  hydrogca- 

If  a  solid  compound  of  hvdrogen  and  potassi-.:m  could  be  formed,  we  might 
expect  its  existence  in  the  experiment  with  the  gun-barrel,  in  which  potas- 
sium is  exposed  to  hydrogen  at  almost  every  temperature ;  but  the  metal 
formed  in  this  process,  when  proper  precautions  are  taken  to  exclude  car- 
bonaceous matters,  is  uniform  in  its  properties,  and  generates  for  equal  quan- 
tities, equal  proportions  of  hydrogen  by  the  action  of  water. 

The  general  pha;r.omeua  of  this  operation,  show  indeed  that  the  solution 
of  potassium  in  hydrogen  is  intimarcly  co:inected  with  the  general  principle 
of  the  decomposition,  and  confirm  mv  fir^t  idea  of  die  action  of  the  two  bodies. 

Hydrogen  dissolves  a  large  quantity  of  pota:3ium  by  heat,  but  the  greater 
portion  is  precipitated  on  cooling.  The  attractions  which  determine  the  che- 
mical change,  seem  to  be  that  of  iron  for  oxygen,  of  iron  for  potassium,  and 
of  hydrogen  for  potassium  ;  and  in  experiments,  in  which  a  veiy  intense  heat 
is  used  for  the  production  of  potassium  by  iron,  I  have  often  found,  that  the 
gas  which  comes  over,  though  it  has  passed  through  a  tube  cooled  by  ice, 
inflames  spontaneously  in  the  atmosphere,  and  buriss  with  a  most  brilliant 
light  v.'hich  is  purple  at  the  edges,  and  throws  oft' a  dense  vapour  containing 
potash. 

Sodium  .ippears  to  be  almost  insoluble  in  hydrogen,  and  tliis  seems  to  be 
one  reason  why  it  cannot  be  obtained,  except  in  very  minute  quantities,  in 
the  experiment  with  the  gun-barrel. 

Sodium,  though  scarcely  capable  of  being  dissolved  in  hydrogen  alone, 
seems  to  be  soluble  in  the  compound  of  hydrogen  and  potassium.  Bv  exposing 
mixtures  of  potash  and  soda  to  ignited  iron,  I  have  obtained  some  very  cu- 
rious alloys ;  which,  whether  the  potassium  or  the  sodiurr.  was  in  excess,  were 
fluid  at  common  temperatures.  The  compound  contair.ing  an  excess  of  po- 
tassium was  even  lighter  than  potassium  (probably  from  i:s  fluidity).  All 
these  alloys  were  in  the  highest  degree  iufiammable.  When  a  globule  of  (he 
fl  lid  alloy  was  touched  by  a  globule  of  mercury,  they  combined  with  a  heat 
that  iinged  the  paper  upon  which  the  experi.ment  was  made,  and  fornied, 
when  cool,  a  solid  so  haru,  as  not  to  be  cut  by  a  knife. 
*  Bakerian  Lecture,  1808,  p.  16. 
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of  Mr.  Clayfield  and  of  M.  Be.thollet,  jun.,  which  seemed 
to  show  that  sulphur,  in  its  common  form,  contained  hy- 
drogen. In  considering  the  analytical  powers  of  the  Voltaic 
apparatus,  it  occurred  to  me,  that  though  sulphur,  from  its 
being  a  non-conductor,  could  not  be  expected  to  yield  its 
elements  to  the  electrical  attractions  and  repulsions  of  the 
opposite  surfaces,  yet  that  the  intense  heat,  connected  w'nh 
the  contact  of  these  surfaces,  might  possibly  effect  some  id- 
teration  in  it,  and  tend  to  separate  any  elastic  matter  it 
mitiht  contain. 

On  this  idea  some  experiments  were  instituted  in  1807. 
A  curved  glass  tube,  having  a  platina  wire  litrmetically 
sealed  in  its  upper  e.xtremitv,  was  filled  with  sulphur.  The 
sulphur  was  melted  over  a  spi'-it  lamp;  and  a  proper  con- 
nection being  made  uith  the  Voltaic  apparatus  of  one  hun- 
dred plates  of  six  inches,  in  great  activity,  a  contact  was 
made  in  the  su'phur  by  means  of  another  platina  wire.  A 
most  brilliant  spark,  which  appeared  orange -coh aired  through 
the  sulphur,  was  produced,  an<l  a  minute  portion  of  elastic 
fluid  rose  to  the  upper  extremity  of  the  tu!)e.  By  a  continua- 
tion of  the  process  for  nearly  an  hour,  a  globule  equal  to 
about  the  tenth  of  an  inch  in  diameter  u-as  obtained,  which, 
\vtien  examined,  was  found  to  be  sulphuretted  hydrogen. 

This  result  perfectly  coincided  with  those  which  have  been 
just  mentioned  ;  but  as  tlie  sulphur  that  I  had  used  was 
merely  in  its  conm^jon  state,  and  as  the  ingenious  experi- 
ments of  Dr.  Thomson  have  shown  that  sulphur  in  certain 
forms  may  contain  water,  T  did  not  venture,  at  that  time, 
to  form  any  conclusion  upon  the  subject. 

In  the  summer  of  the  pres-ent  yea^",  I  repeated  tfie  experi- 
ment with  every  precaution.  The  sulphur  that  I  employed 
was  Sicilian  sulphur,  that  had  been  recently  sublimed  in  a 
retort  filled  with  nitrogen  gas,  and  that  had  been  kept  hot 
till  the  moment  that  it  was  used.  The  power  applied  was 
that  of  the  battery  of  five  hundred  double  plates  of  six  inches, 
highly  charged.  In  this  case  the  action  was  miOst  intense, 
the  heat  strons:,  and  the  light  extremely  brilliant ;  the  sul- 
phur soon  entered  into  ebullition,  elastic  matter  was  formed 
In  great  quantities,  much  of  which  was  permanent;  and  the 

sulphur, 
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sulphur,  from  being  of  a  pure  yellow,  became  of  a  deep  red 
hrown  tint. 

The  gas,  as  in  the  former  instance,  proved  to  be  sulphu- 
retted hydrogen.  The  platina  wires  were  considerably  acted 
upon;  the  sulphur,  at  its  point  of  contact  with  thtni,  luid 
obtained  the  power  of  reddening  moistened  litnms  paper. 

I  endeavoured  to  ascertain  the  quantity  of  sulphuretted 
hydrogen  evolved  in  this  wav  from  a  given  quantity  of  sul- 
phur, and  for  this  purpose  1  electrized  a  quantity  equal  to 
about  two  hundred  grains  in  an  apparatus  oC  the  kind  I  liave 
just  described,  and  when  the  upper  part  of  the  tube  was  full 
of  gas,  I  suffered  it  to  pass  into  the  atmosphere  ;  so  as  to 
enable  me  to  repeat  the  process. 

When  I  operated  in  this  way,  there  seemed  to  be  no  limit 
to  the  generation  of  elastic  fluid,  and  in  about  two  hours  a 
quantity  had  been  evolved,  which  amounted  to  more  than 
five  times  the  volume  of  the  sulphur  employed.  From  the 
circumstances  of  the  experiment,  the  last  portion  only  could 
be  examined,  and  this  proved  to  be  sulphuretted  hydrogen. 
Towards  the  end  of  the  process,  the  sulphur  became  ex- 
tremely difficult  of  fusion,  and  almost  opaque,  and  v»heu 
cooled  and  broken,  was  found  of  a  dirty  brown  colour. 

The  experiments  upon  the  union  of  sulphur  and  potas- 
sium, which  I  laid  before  the  Society  last  year,  prove  that 
these  bodies  act  upon  each  other  with  great  energy,  and  that 
sulphuretted  hydrogen  is  evolved  in  the  process,  with  intense 
heat  and  light. 

In  heating  potassium  in  contact  with  compound  inflam- 
mable substances,  such  as  resin,  wax',  camphor,  and  fixed 
oils  in  close  vessels  out  of  the  contact  of  the  air,  I  found 
that  a  violent  inflammation  was  occasioned,  that  hydrocar- 
bonate  vvas  evolved ;  and  that  when  the  compound  was  not 
in  great  excess,  a  substance  was  formed,  spontaneously  in- 
flammable at  common  temperatures,  the  combustible  mate- 
rials of  which  were  charcoal  and  potassium. 

Here  was  a  strong  analogy  between  the  action  of  these 
b-odies  and  sulphur  on  potassium.  Their  physical  proper- 
ties likewise  resemble  those  of  sulphur ;  ior  they  agree  in 
being   non- conductors,    whether   fluid   or  solid,    in  being 

transnarenr 
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transparent  when  fluid,  and  semi-transparent  when  solid, 
and  highly  refractive  ;  their  affections  by  electricity  are  like- 
wise similar  to  those  of  sulphur ;  for  the  oilv  bodies  give  out 
hydrocarbonate  by  the  agency  of  the  Voltaic  spark,  and  be- 
come brown,  as  if  from  the  deposition  of  carbonaceous 
matter. 

But  the  resinous  and  oily  substances  are  compounds  of  a 
small  quantity  of  hydrogen  and  oxygen,  wiih  a  large  quan- 
tity of  a  carbonaceous  basis.  The  existence  of  hydrogen  in 
sulphur  is  fully  proved,  and  we  have  no  right  to  consider  a 
substance,  which  can  be  produced  from  it  in  such  large 
quantities,  merely  as  an  accidental  ingredient. 

The  oily  substances  in  combustion,  produce  two  or  three 
times  their  weight  of  carb<')nic  acid  and  some  water;  I  en- 
deavoured to  ascertain  whether  water  was  formed  iii  the 
combustion  of  sulphur  in  oxygen  gas,  dried  by  exposure  to 
potash  ;  but  in  this  case  sulphureous  acid  is  produced  in 
much  larger  quantities  than  sulphuric  acid,  and  this  last 
product  is  condensed  with  great  difficulty.  In  cases,  however, 
in  which  I  have  obtained,  by  applying  artificial  cold,  a  depo- 
sition of  acid  in  the  form  of  a  film  of  dew  in  glass  retorts  out 
of  the  contact  of  the  atmosphere,  in  which  sulphur  had  been 
burned  in  oxygen  gas  hvgroinetrically  dry,  it  has  appeared 
to  me  less  tenacious  and  lighter  than  the  common  sulphuric 
acid  of  commerce,  which  in  the  most  concentrated  form  in 
which  I  have  seen  it,  namely,  at  1-835,  gave  abundance  of 
hydrogen  as  well  as  sulphur,  at  the  negative  surface  iu  the 
Voltaic  circuit,  and  hence  evidently  contained  water. 

The  reddening  of  the  litmus  paper,  by  sulphur  that  had 
been  acted  on  by  Voltaic  electricity,  might  be  ascribed  to  its 
containing  some  of  the  sulphuretted  hydrogen  formed  in  the 
process  ;  but  even  the  production  of  this  gas,  as  will  be  im- 
mediately seen,  is  an  evidence  of  the  existence  of  oxygen  ia 
Sulphur. 

In  my  early  experiments  on  potassium,  procured  by  elec- 
tricity, I  heated  small  globules  of  potassium  in  lartje  quan- 
tities of  sulphuretted  hydrogen,  and  I  found  that  sulohuret 
of  potash  was  formed;  but  this  might  be  owing  to  tlse  water 
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dissolve).;  In  the  gas,  and  I  ventured  to  draw  no  conclusion 
till  !  hail  I riecl  the  experinitnt  in  an  unobjectionable  manner. 

I  ht-aucl  tour  grains  of  potasaium  in  a  retort  of  the  ca- 
pacity ol'tuenty  cubical  inchts;  it  had  been  filled  after  .he 
usual  processes  of  exhaustion  with  sulphuretted  hydrogen, 
dried  bv  nuaiis  of  muriate  of  linie  that  had  been  heated  to 
whiteness ;  as  soon  as  the  potassium  fused,  white  fumes 
\verc  copiously  eniiitcd,  and  the  potassium  soon  took  fire, 
and  burnt  wiih  a  most  brilliant  flame,  yellow  in  the  centre 
and  red  towards  tlie  circumference*. 

The  diminution  of  the  volume  of  the  elastic  matter,  in 
this  operation,  did  not  equal  more  than  two  cubical  inches 
and  a  half.  A  very  small  quantity  of  the  residual  gas  only 
was  absorbable  by  water.  'Jhe  non- absorbable  gas  was  hy- 
drogen, holding  a  minute  quantity  of  sulphur  in  solution. 

A  yellow  sublimate  lined  the  upper  part  of  the  retort, 
which  proved  to  be  sulphur.  The  solid  matter  formed  was 
red  at  the  surface  like  sulphuret  of  potash,  but  in  the  inte- 
rior it  was  dark  gray,  like  sulphuret  of  potassium.  The 
piece  of  the  retort  containing  it  was  introduced  into  ajar 
inverted  over  mercury,  and  acted  upon  by  a  small  quantity 
of  dense  muriatic  acid,  diluted  with  an  equal  weight  of 
water,  when  there  were  disengacred  two  cubical  inches  and  a 
quarter  of  gas,  which  proved  to  be  sulphuretted  hydrogen. 

In  another  experiment,  in  which  eight  grains  of  potas- 
sium were  heated  in  a  retort  of  the  capacity  of  twenty  cubi- 
cal inches,  containing  about  nineteen  cubical  inches  of  sul- 
phuretted hvdrogcn,  and  a  cubical  inch  of  phosphuretted 
hvdroffen,  which  was  introduced  for  the  purpose  of  absorb- 
ine  the  oxygen  of  the  small  quantity  of  common  air  admit- 
ted by  the  stop  cock,  the  inflammation  took  place  as  before, 
there  wa>  a  similar  precipitation  of  sulphur  on  the  sides  of 
the  retort ;  the  mass  formed  in  the  place  of  the  potassium 
was  orange  externally,  and  of  a  dark  gray  colour  internally, 

*  In  the  Moniieur,  May  27,  180S,  in  the  account  of  ATM.  Gay  Lussac's 
and  Tlienard's  experiments,  it  is  mentioned,  that  potassium  absorbs  the  sul- 
phur and  a  part  of  the  hydrogen  of  sulphuretted  hydrogen  ;  but  the  phano* 
mena  of  inflammation  is  not  mentioned,  nor  are  the  results  described. 
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As  In  the  last  instance;  and,  when  acted  on  by  a  little  water 
holding  muriatic  acid  in  soldtioh,  there  were  evolved  from' 
it  five  cubical  inches  only  lof  sulphuretted  hydrogen. 

Both  these  experiment*  concur  iri  proving  the  existence  of 
a  principle  in  sulphuretted  hydrt)gen,  capable  of  destroying 
partially  the  inflammability  of  potassium,  and  of  producing 
upon  it  all  the  effects  of  oxygen  ;  for,  had  the  potassium 
combined  merelv  with  pure  combustible  matter,  it  ought,  as 
will  be  seen  distinctly  from  what  follows,  to  have  evolved, 
by  the  action  of  the  acid,  a  volume  of  sulphuretted  hydro- 
gen, at  least  equal  to  that  of  the  hydrogen  which  an  equal 
weight  of  uncombined  potassium  would  have  produced  by 
its  operation  upon  water. 

Sulphuretted  hydrogen,  as  has  been  long  known  to  che- 
mists, may  be  formed  by  heating  sulphur  strongly  in  hvdro- 
gen  gas,  I  heated  four  grains  of  sulphur  in  a  glass  retort,' 
contaming  about  twenty  cubical  inches  of  hvdrogen,  bv 
means  of  a  spirit  lamp,  and  pushed  the  heat  nearly  to  red- 
ness. There  was  no  perceptible  change  of  volume  in  the  na^' 
after  the  process  ;  the  sulphur  that  had  sublimed  was  unal- 
tered in  its  properties,  and  about  three  cubical  inches  of  an 
elastic  fluid  absorbable  bv  water  were  formed:  the  soltJtiou' 
reddened  litmus,  and  had  all  the  properties  of  a  solution  of 
pure  sulphuretted  hydrogen.  Now  if  we  suppose  sulphu- 
retted hvdrogen  to  be  constituted  by  sulphur  dissolved  in  its 
unaltered  state  in  hydrogen,  and  allow  the  existence  of  oxy- 
gen in  this  gas  ;  its  existence  must  likewise  be  allowed  in' 
sulphur,  for  we  have  no  right  to  assume  that  sulphur  in  SLfl- 
phuretted  hydrogen  is  combined  with  more  oxygen  than  in 
its  common  form  :  it  is  well  known,  that  when  electrical 
sparks  are  passed  through  sulphuretted  hydrogen,  a  consi- 
derable portion  of  sulphur  is  separated  without  any  alteration 
in  the  -volume  of  the  gas.  This  experiment  I  have  made 
more  than  once,  and  1  found  that  the  sulphur  obtained,  in' 
fiisibility,  combustibility,  and  other  sensible  properties,  diii 
-not  perceptibly  difler  from  common  sublimed  sillphur. 

According  to  these  ideas,  the  intense  ignition  produced 
by  the  action  of  sulphur,  on  potassium  and  sodium,  must 
r.ot  be  ascribed  merely  to  the  affinity  of  the  metals  of  the 
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alkalies  for  its  basis,  but  may  be  attributed  likewise  to  the 
a^gcncy  of  the  oxygen  that  it  contains. 

The  minute  examination  of  the  circumstances  of  the  action 
of  potassium  and  sulphur  likewise  confirms  these  opinions. 

When  two  grains  of  potassium  and  one  of  sulphur  were 
heated  gently  in  a  green  glass  tube  filled  with  hydrogen, 
and  connected  with  a  pneumatic  apparatus,  there  was  a 
most  intense  ignition  produced  by  the  action  of  the  two 
bodies,  and  one-eighth  of  a  cubical  inch  of  gas  was  disen- 
gaged, which  was  sulphuretted  hydrogen.  The  compound 
was  exposed  in  a  mercurial  apparatus  to  the  action  of  liquid 
muriatic  acid;  when  a  cubical  inch  and  quarter  of  aeriform 
matter  was  produced,  which  proved  to  be  pure  sulphuretted 
hydrogen. 

The  same  experiment  was  repeated,  except  that  four 
grains  of  sulphur  were  employed  instead  of  one.  In  this 
case,  a  quarter  of  a  cubical  inch  of  gas  was  disengaged  du^ 
ring  the  process  of  combination  ;  and  when  the  compound 
was  acted  upon  by  muriatic  acid,  only  three  quarters  of  a 
cubical  inch  of  sulphuretted  hydrogen  was  obtained. 

Now,  sulpfiuret  of  potash  produces  sulphuretted  hydrogen 
by  the  action  of  an  acid  ;  and  if  the  sulph\ir  had  not  con- 
tained oxygen,  the  hydrogen  evolved  by  the  action  of  the 
potassium  in  both  these  experiments  ought  to  have  equalled 
at  least  two  cubical  inches,  and  the  whole  quantity  of  sul- 
phuretted hydrogen  ought  to  have  been  more  :  and  that  so 
inuch  less  sulphuretted  hydrogen  was  evolved  in  the  second 
experiment,  can  only  be  ascribed  to  the  larger  quantity  of 
oxygen  furnished  to  the  potassium  by  the  larger  quantity  of 
the  sulphur. 

I  have  made  several  experiments  of  this  kind  with  similar 
results.  Whenever  equal  quantities  of  potassium  were  com- 
bined with  unequal  quantities  of  sulphur,  and  e^cposed  after- 
wards to  the  action  of  muriatic  acid,  the  largest  quantity  of 
sulphuretted  hydrogen  was  furnished  by  the  product  con- 
taining the  smaHest  proportion  of  sulphur,  and  in  no  case 
was  the  (Quantity  of  gas  equal  in  volume  to  the  quantity  of 
hydrogen  which  would  have  been  produced  by  the  mere 
aKition  of  potassium  upon  water. 
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From  the  general  tenour  of  these  various  facts,  it  will  not 
be,  I  trust,  unreasonable  to  assume,  that  sulphur,  in  its 
common  state,  is  a  compound  of  small  quantities  of  oxygefi 
and  hydrogen  with  a  large  quantity  of  a  basis  that  produces 
the  acids  of  sulphur  in  combustion,  and  which,  on  account 
of  its  strong  attractions  for  other  bodies,  it  will  probably  be 
very  difficult  to  obtain  in  its  pure  form. 

In  metalHc  combinations  even,  it  still  probably  retains  its 
oxygen  and  part  of  its  hvdrogen.  Metallic  sulphurets  can 
only  be  partially  dec<;mposed  by  heat,  and  the  small  quantity 
of  sulphur  evolved  from  them  in  this  case  when  perfectly 
dry  and  out  of  the  contact  of  air,  as  I  found  in  an  experi- 
ment on  the  sulphurets  of  copper  and  iron,  exists  in  its  com- 
mon slate,  and  acts  upon  potassium,  and  is  affected  by  elec- 
tricity in  the  same  manner  as  native  sulphur. 
[To  be  continued.] 


III.  An  Inquiry  into  the  Terrestrial  Phcenomena  prodicced 
Iry  the  Action  of  the  Ocean,  By  John  Carr,  Esq,,  oj 
Manchester. — No.  I. 
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To  Mr.  Tilloch, — Sir, 

-AViNR  in  my  last  paper  offered  explanations  of  the  nn- 
nierous  excavations  which  streams  of  fresh  water  have  ef- 
fected on  the  surface  of  our  globe,  I  am  now  to  undertake, 
in  furtherance  of  my  former  engagement,  an  inquiry  into 
the  terrestrial  phasnomena  which  the  waters  of  the  ocean 
have  left  for  our  contemplation. 

Of  tlie  whole  surface  of  the  earth  the  proportion  of  land 
is  supposed  to  be  about  a  third  only;  and  from  the  gravitating 
fluidity  of  water,  which  constantly  disposes  it  to  fall  in  th« 
lowest  descending  direction,  until  it  reaches  a  hollow  where 
it  is  equally  supported  on  all  sidts,  it  might  seem  rea- 
sonable to  conclude  that  the  present  elevations  of  land  ar< 
barrier  heights  which  the  ocean  never  can  have  ascended, 
and  that  its  present  limits  are  those  by  which  it  has  ever  beert 
circumscribed.  But  this,  like  every  other  conclusion  on  na- 
tural effects  ',v:t'~out  obs  rvation  for  its  basis,  is  illusory  andf 
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erroneous;  and  a  very  nioderate  acquaintance  with  some  of 
the  ordinary  pha;nonienaof  the  earth  will  afford  ample  con- 
viction, that  over  every  portion  of  our  present  existing  con- 
tinents the  waters  ol'  the  ocean  have  rolled  during  a  period  to 
which  we  can  assign  no  limit. 

Proofs  of  this  extraordinary  occurrence  are  abundantly 
disseminated  over  every  part  of-  everv  country.  Wherever 
the  earth  has  been  penetrated,  a  succession  of  strata  alter- 
nating and  varying,  distinctly  and  specifically,  is  met  with 
under  forms  which  unequivocally  demonstrate  that  they  have 
all  originated  from  aqueous  deposition  ;  and  the  vast  remains 
of  marine  productions,  so  extensively  distributed  amongst 
some,  and  in  others  forming  whole  and  distinct  strata, 
equally  establish,  that  they  have  had  one  common  origin. 
They  have  all  in  S7iccessio?i  been  beds  of  the  ocean.  Nor  has 
any  limit  yet  been  discovered,  by  any  natural  or  artificial 
means  of  examination,  to  this  peculiar  conformation  of  our 
globe.  The  high  fronts  and  deep  ravines^  and  gullies  of 
mountains,  the  abrupt  faces  of  precipitous  valleys,  shores, 
and  islands,  the  natural  cavernous  excavations  and  the  arti- 
ficial perforations  of  every  description,  which  have  been  dug 
by  the  avaricious  cupidity  or  the  necessary  wants  of  man, 
all  and  every  where  dii^play  regularly  stratified  beds,  generally 
parallel  with  each  other,  but  always  varying  in  their  dimen- 
sions, density  and  materia^ls,  and  every  where  exhibiting  a 
uniformity  of  appearance,  which  admits  of  no  other  expla- 
nation than  that  of  a  slow  and  progressive  precipitation  from 
an  aqueous  fluid. 

This  universal  prevalence  of  the  formation  of  strata  in 
the  interior  of  the  earth,  is  again  most  singularly  contrasted 
by  the  indubitable  evidence  of  an  almost  equally  extensive 
destruction  of  other  strata  on  the  surface.  The  elevated  di- 
rection and  abrupt  termination  of  extensive  strata  from  va- 
rious heigiits,  conclusively  establish  that  thev  were  once 
continuous  to  an  unknown  extent.  Many  of  our  principal 
eminences  are  formed  by  strata  inclined  from  the  horizon,, 
and  terminating  in  high  angular  asperities,  presenting  from- 
thence  a  bold  precipitous  face,  and  on  the  other  side  gentle 
cfeclivities  of  receding  strata. 
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The  extensive  denudations  of  numerous  districts  laying 
bare  the  identical  strata,  which  in  the  vicinity  are  found 
peposing  under  vast  depths  of  other  incumbent  strata,  leave 
us  without  doubt  that  the  superincumbent  materials,  how- 
ever massive  and  onerous,  have  been  swept  away  from  off 
the  denudaled  tracts.  A  similar  disruption,  but  on  a  yet 
more  extended  scale,  is  forcibly  inculcated  by  these  singu- 
lar eminences  of  isolated  material  which  cannot  be  identified 
with  any  of  the  surrounding  strata,  and  which  are,  therefore, 
only  the  remaining  patches  of  the  stratum  to  which  they 
formerly  belonged.  But  the  most  stupendous  proofs  of  de- 
structive disruption,  are  to  be  found  in  the  numerous  and 
highly  elevated  ranges  of  stratified  nnountains,  whose  forma- 
tion, while  it  perfectly  accords  with,  can  admit  of  no  other 
explanation  than  that  of  their  being  the  remaining  fragments 
of  extensive  countries  which  have  disappeared.  And  here 
again,  as  we  were  constrained  to  refer  the  formation  of  all 
the  strata  to  the  action  of  the  sea,  we  are  in  like  manner 
compelled  to  assign  their  disruptive  transportation  to  the  only 
natural  agents  whose  gigantic  forces  and  powers  of  mobility 
are  in  any  degree  commensurate  to  such  mighty  perform- 
ances,— the  numerous  and  sweeping  currents  of  the  ocean. 

Let  us  now  turn  to  the  sea  itself,  and  endeavour  to  ascer- 
tain the  nature  of  its  present  beds,  and  the  changes  which 
they  are  experiencing  from  the  mighty  etTccts  of  its  powerful 
agency.  The  active  and  interested  concerns  of  commerce 
have  occasioned  such  extensive  and  accurate  soundings  to 
be  taken  of  vast  and  various  tracts  of  the  sea,  that  we  have 
from  thence  actually  acquired  a  more  correct  knowledge  of 
extensive  regions  over  which  the  ocean  is  incessantly  rollings 
than  of  many  portions  of  those  countries  which  emerged 
from  its  waves  so  many  centuries  airo;  and  from  these  it 
has  been  fully  ascertained,  that  extensive  horizontal  plains 
are  as  rare  below  as  above  the  great  receptacle  of  waters, 
and  that  inequalities,  in  every  respect  similar,  prevail  in 
both  regions,  of  banks,  hollows,  declivities,  and  elevations, 
from  the  least  perceptible  rise,  up  to  the  precipitous  fronts 
of  unfathomable  rocks.  With  this  corresponding  similitude 
of  suriace  iher^  has  also  been  discovered  an  equally  corre- 
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sponding  agreement  in  the  conformation  of  its  beds ;  and  so 
fully  has  the  identity  in  both  cases  been  established,  that, 
were  any  extent  of  the  present  bottom  of  the  ocean  laid  dry, 
and  allowed  a  sufficient  tiaie  to  consolidate  and  acquire  a 
vegetable  covermg,  there  can  be  no  question  that  it  would 
exhibit  all  the  diversified  exteriior,  and  all  the  iaiernal  con- 
formation, of  our  present  inhabited  countries. 

We  also  know  that  the  bottom  of  the  sea  is  continually 
receiving  large  accessions  of  earthy  and  other  materials,  con- 
veyed into  it  by  rivers  and  land  floods.  Even  in  some  of  the 
rivers  of  our  own  country,  the  turbid  waters  of  a  suujmer's 
flood  may  be  seen  distinctly  spreading  themselves  out  for 
miles  after  their  entrance  into  the  sea;  and,  were  ancbtima- 
tion  practicable,  the  annual  quantity  spread  over  the  beds  of 
the  neighbouring  sea,  by  such  a  river  only,  would  be  found 
very  considerable  indeed  :  but  if  we  take  into  the  estimation 
the  accumulated  produce  of  all  the  rivers  on  the  globe,  the 
annual  accession  must  be  immense;  and  this  increase,  re- 
peated through  a  succession  of  innumerable  ages,  must  add 
incalculable  masses  of  fresh  and  various  material  to  extensive 
tracts  beneath  the  sea.  It  may  be  worth  remarking  by  the 
way,  that  nearly  the  whole  of  the  materials  carried  by  this 
mode  into  the  sea  is  from  the  surface,  and  consequently 
from  the  richest  part  of  the  soil,  abounding  in  a  large  pro- 
portion of  vegetable  and  animal  remains ;  and  it  would  cer- 
tainly be  at  express  variance  with  every  other  provident  and 
ceconomical  provision  of  Nature,  to  imagine  that  this  daily 
deterioration  of  our  lands  has  no  other  ultimate  purpose 
than  to  incumber  the  fathomless  deeps  with  endless  suc- 
cession of  superfluous  waste. 

But  though  this  vast  addition  to  the  beds  of  the  ocean  is 
of  itself  a  sufficiently  important  consideration  in  the  present 
inquiry,  it  is,  I  conceive,  comparatively  with  other  agency, 
but  a  trivial  source  of  terrestrial  alteration  ;  and  I  think  we 
can  only  look  to  the  numerous  and  impetuous  marine  cur- 
rents, sweeping  with  ponderous  attrition,  and  irresistible 
force,  over  the  abraded  beds  of  the  sea,  for  the  cause  of  these 
stupendous  phaenomena,  which  arrest  our  attention  and  ele- 
vate our  astonishment  in  geological  research. 

It 
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It  is  obvious  to  imagine,  and  stricily  consonant  with  all 
our  experience  to  believe,  that  a  current  of  the  ocean  press- 
ing with  a  weight  and  force  of  which  we  can  form  no  esti- 
mate, and  for  a  duration  which  eludes  all  calculation,  over 
extensive  tracts  of  sea  beds,  abounding  in  every  variety  of 
inequality,  must  carry  off  immense  quantities  of  materials, 
and  transport  them  to  distant  situations,  where  they  will  be 
extensively  precipitated  in  nearly  the  same  order  in  which 
they  were  taken  up,  and  willj  therefore,  in  their  new  situa- 
tions, form  other  strata  not  greatly  dissimilar  from  those 
which  were  broken  up.  It  will  also  readily  occur,  that  all 
the  superior  eminences  in  the  course  of  the  current  will 
experience  a  far  more  extraordinary  degree  of  force  and  vio- 
lence than  those  parts  which  lie  lower  ;  and  that  in  all  these 
eminences  abounding  in  strata  of  rock,  the  fronts  which  face 
ibe  current  will  be  laid  bare  and  beaten  into  bold  angular 
abruptions,  while  the  opposite  sides,  protected  by  the  emi- 
nences, will  fall  off  in  gentle  declivities,  precisely  similar  to 
what  we  actually  observe  in  all  the  hilly  districts  of  every 
country,  where  the  precipitous  faces  and  declivous  sides 
so  wonderfully  coincide  in  the  same  respective  direction. 
This  singular  and  interesting  uniformity  in  the  direction  of 
the  abrupt  and  declivous  sides  of  the  elevations  of  almost 
every  country,  frequently  ranging  to  an  unknot  n  extent, 
is  entirely  an  effect  which  a  vast  marine  current  would  ne- 
cessarily produce  on  all  the  eminences  in  its  course  ;  and  it  is, 
I  think,  utterly  Inexplicable  by  any  other  natural  agencv. 

One  of  the  principal  currents  with  which  we  are  acquaint- 
ed, is  that  stupendous  movement  of  waters  in  the  Atlantic 
Ocean  which  is  nautically  designated  the  Guh"  Stream.  It 
originates  in  the  diurnal  rotation  and  centrifugal  force  of  the 
earth,  aided  by  the  trade  winds,  giving  the  waters  of  the 
main  ocean  an  impulsive  direction  from  east  to  west ;  and  a 
portion  of  this  vast  movement  being  linally  impelled  into  the 
Mexican  Gulf,  is  glanced  off  from  thence  throusrh  the 
Straits  of  Bahama,  with  an  impetus  which  hurries  it  over  a 
breadth  of  fifty  miles,  at  four  miles  an  hour,  to  the  far  di- 
stant banks  of  Newfoundland,  where  it  can  still  be  clearly 
identified  by  its  dark  colour  and  superior  temperature.  In 
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this  extensive  circuit  of  moving  waters  from  the  Indian 
ocean  round  into  the  norlhern  seas,  if  we  justly  appretiate 
the  length  of  its  duration,  tlie  incalculable  weight  with  which 
it  must  incessantly  press  against  all  opposiuo-  obstacles,  the 
countless  inequality  of  depths  over  which  it  must  roll,  and 
the  extensive  tracts  of  varicjus  and  yielding  strata  sultject  to 
its  constant  attrition,  it  will  surely  be  consonant  to  all  our 
experience  and  analogous  reasoning,  to  believe  that  it  is  now 
progressively  transporting  extensive  beds  of  strata  from  one 
distant  region  to  another,  and  beating  into  high  abrupt 
fronts  many  of  the  more  exalted  ejjiinences  in  its  course, 
insomuch  that,  were  its  whoJe  tract  laid  open  to  our  in- 
spection, it  would  unquestionably  exhibit  proofs  of  disrup- 
tion, denudation,  transition,  and  all  the  bolder  phenomena 
of  geology  with  which  we  are  already  familiar.  The  exist- 
ence of  the  extensive  banks  of  Newfoundland  is  of  itself 
sufficient  to  establish  this.  These  banks  are  situated  amongst 
the  last  expiring  eddies  of  the  stream,  where  the  most  con- 
siderable precipitous  depositions  might  be  expected;  and  the 
countless  myriads  of  fish,  resorting  thither  for  food,  ar^ 
proofs  of  the  amazing  quantities  of  vegetable  and  animal  re- 
mains brought  by  the  stream. 

Though  this  current  is  certainly  one  of  the  most  extensive 
on  our  gl'jbe,  there  are  many  others  far  siiperior  in  their 
rapidity,  and  consequently  in  their  forces  ;  and  indeed  so 
numerous  are  the  currents  of  the  ocean,  and  so  diversified  in 
their  pouers  and  direction,  that  we  can  assign  no  imaginable 
limits  either  to  the  variety  or  the  magnitude  of  their  effects. 
Even  the  general  tides  are  in  themselves  powerful  and  ex- 
tensive currents ;  and  when  aided  by  those  occasional  and 
-terrible  tempests  which  all  seas  are  more  or  less  subject  to^ 
their  alterative  effects  must  be  such,  as  we  have  no  sufficient 
data  to  estimate. 

It  would  certainly  be  a  superficial  objection  to  the  exten- 
sive transportation  of  strata  by  marine  currents,  to. say  that 
the  turbid  waters  surcharged  with  the  earthy  materials  do 
not  appear  at  the  surface.  The  fact  is  not  strictly  so  ;  for 
the  Gulf  stream  is  palpably  darker  than  the  sea  which  it 
traverses,  and  many  currents  of  the  ocean  are  absolutely 

turbid. 


produced  ly  the  Action  of  the  Ocean.  £5 

tprbid.  But  it  is  not  necessary  to  insist  on  this  circumstance  ; 
tor  tiie  transportation  which  I  contend  for  is  not  such  a 
sudden  disruption  as  would  give  to  the  current  all  the  muddy 
opacity  of  a  land  flood,  hut  such  a  gradual  and  progressive 
attrition,  as,  in  rarrving  off  the  materials,  the  propulsion  of 
the  water  and  the  superior  gravity  of  ihe  transported  parti- 
cles would  effectually  prevent  from  i\ppearing  at  the  surface. 
The  extensive  transportation  and  spread  of  the  various  ex- 
terior materials  of  our  globe,  are  facts  of  which  we  are  as 
certain  as  of  the  light  and  heat  of  the  solar  lunnnary  ;  and 
it  is  equally  certain  that  the  meciiuni  of  those  vast  transitions 
can  be  no  other  than  the  ocean  itself.  It  should  also  seem 
to  follow  from  the  fairest  inductive  reasoning,  that  its  cur- 
rents,' while  they  are  the  most  simple  "and  natur.tl,  are  also 
the  only  marine  agency  at  all  equal  and  applicable  to  such 
stupendous  effects. 

Were  it  objected  that  the  transportation  and  formation  of 
strata  by  marine  currents  must  be  local  like  the  currents 
themselves,  it  is  only  necessary  to  observe,  that  the  mate- 
rials of  all  our  present  countries  are  so  evidently  the  remain- 
ing fragments  of  the  waste  and  dismiegrHiion  of  other 
countries,  which  no  longer  exist,  and  bear  such  palpable 
characters  of  such  frequent  interchanges  and  successions  of 
land  and  water,  as  remove  all  locality  of  such  currents  far 
beyond  the  reach  of  geological  detennination. 

Such,  Mr.  Editor,  are  a  few  of  the  principal  data  which 
authorize  our  identifying  the  present  operations  of  ihe  ocean 
with  its  former  action  on  our  continents,  when  they  too 
were  bottoms  of  the  "  vasty  deep."  The  limits  of  your  very 
select  publication  have  necessarily  circumscribed  the  present 
outlineof  so  extended  a  subject:  but  however  brief  and  im- 
perfect it  may  be,  it  is  an  indispensable  preliuiinary  to  that 
investigation  of  the  general  pha;nonieiia  of  geology,  which 
my  first  paper  announced;  and  in  mv  next  I  shall  pursue  the 
subject  by  continuing  to  trace  those  probabilities,  fur  they 
are  yet  no  higher  in  the  scale  of  evidence,  which  encourage 
us  to  imagine  that  our  globe,  in  couimon  \v\i\\  all  its  mul- 
tifarious   and  interesting  species  of  production,,    possesses 
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tviihin   its  own  governing  principles  a  power  of  periodic 
and  revolutionary  renovation. 

I  am,  sir,  your  most  obedient  humble  servant, 

John  Carr, 

Princess  Street,  Manchester, 
July  5,   1809. 


IV.  Aji  Accozint  of  some  Experiments^  performed  with  a 
View  to  ascertain  the  most  advantageous  Method  of  con- 
structing a  Voltaic  Apparatus,  for  the  Purposes  ofChemi^ 
eal Research.  jB?/ John  George  Children,  Esq.,  F.R.S,* 

±  HE  late  interesting  discoveries  by  Mr.  Davy  having  shown 
the  high  importance  of  the  Voitaic  battery  as  an  instrument 
of  chemical  analysis,  it  became  a  desirable  object  to  ascer- 
tain that  mode  of  constructing  it,  by  which  the  greatest 
effect  may  be  produced,  with  the  least  waste  of  power  and 
expense. 

For  ibis  purpose,  I  made  a  battery,  on  the  new  method, 
with  plates  of  copper  and  zinc,  connected  together  by  leaden 
straps,  soldered  on  the  top  of  each  pair  of  plates;  which  are 
twenty  in  number,  and  each  plate  four  feet  high,  by  two 
feet  wide  :  the  sum  of  all  the  surfaces  being  921 6o  square 
inches,  exclusive  of  the  single  plate  at  each  end  of  the  bat- 
tery. The  trough  is  made  of  wood,  with  wooden  partitions 
well  covered  with  cement,  to  render  them  perfectly  tight,  so 
that  no  water  can  flow  from  one  cell  to  another.  The  bat- 
tery was  charged  with  a  mixture  of  three  parts  fuming  ni- 
trous, and  one  part  sulphuric  acid,  diluted  with  thirty  parts 
of  water,  and  the  quantity  used  was  120  gallons. 

In  the  presence,  and  with  the  kind  assistance  of  Messrs. 
Davy,  Allen,  and  Pepys,  the  following  experiments  were 
made. 

Experiment  l.  Eighteen  inches  of  platlna  wire,  of -'^j-th 
of  an  inch  diameter,  were  completely  fused  in  about  twenty 
seconds. 
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Exp.  2.  Three  feet  of  the  same  wire  were  heated  to  a 
bright  red,  visible  by  strong  day-light. 

Exp.  3.  Four  fr.-et  of  the  same  wire  were  rendered  very 
hot ;  but  not  perceptibly  red  by  day-light.  In  the  dark,  it 
would  probably  have  appeared  red  throughout.  / 

Exp.  4.  Charcoal  burnt  with  intense  brilliancy. 

Exp.  5.  On  iron  wire,  of  about  -'y-th  of  an  inch  in  diame- 
ter, the  effect  was  strikingly  feeble.  It  barely  fused  tei 
inches,  and  had  not  power  to  ignite  three  feet. 

Exp.  6.  Imperfect  conductors  were  next  submitted  to  Ihe 
action  of  the  battery,  and  barytes,  mixed  with  the  red  ox- 
ide of  mercury,  and  made  into  a  paste  with  pip?  clay  md 
water,  was  placed  in  the  circuit;  but  neither  on  this  na"  oa 
any  other  similar  substance  was  the  slightest  effect  produced. 

Exp.  7.  The  gold  leaves  of  the  electrometer  were  not 
affected.^ 

Exp.  8.  When  the  cuticle  was  dry,  no  shock  was  given 
by  this  battery,  and  even  though  the  skin  was  wet,  it  was 
scarcely  perceptible. 

Before  I  offer  any  observations  on  the  inferences  to  be 
drawn  from  these  experiments,  I  shall  mention  some  others, 
performed,  for  the  sake  of  comparison,  with  the  foregoing, 
with  an  apparatus  very  different  in  size  and  number  of  plates 
from  the  one  just  described. 

This  second  battery  was  precisely  the  Couronne  des  Tasses 
ofSig.  Volta,  consisting  of  two  hundred  pairs  of  plates, 
each  about  two  inches  square,  placed  in  half  pint  pots  of 
common  queen's  ware,  and  made  active  by  some  of  the 
liquor  used  m  exciting  the  large  batten,',  to  which  was  added 
a  fresh  portioji  of  sulphuric  acid,  equal  to  about  a  quarter  of 
a  pint  to  a  gallon. 

To  state  as  shortly  as  possible  the  effects  produced  by  this 
batterv  : 

Experiment  1 .  It  decomposed  potash  and  barytes  readily. 

Exp.  2.  It  produced  the  metallization  of  ammonia  with 
great  facility. 

Exp.  3.  It  ignited  charcoal  vividly. 

Exp.  4.  It  caused  considerable  divergence  of  the  gold 
leaves  of  the  electrometer. 

Exp. 
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Exp.  5.  It  gave  a  vivid  spark,  after  being  in  action  three 
hours.  At  the  expiration  of  twenty- four  hours,  it  retained 
sufficient  power  to  metalhze  ammonia,  and  continued,  with 
gradually  decrcasinc:  energy,  to  produce  the  same  eifect  till 
the  end  of  forty-one  hours,  when  it  seemed  nearly  exhausted. 

From  the  results  of  the  foregoing  experiments,  which, 
though  simple  and  not  numerous,  I  trust,  are  satisfactory, 
we  see  Mr.  Davy's  theory  of  the  mode  of  action  of  the  Vol- 
aic  battery  confirmed  :  he  says  (iq  his  Paper  on  some  Che- 
Tiiical  Agencies  of  Electricity,  Sect.  9,  after  having  shown 
lie  effect  of  induction  to  increase  the  electricity  of  the  op- 
posite plates),  "  the  intensitij  increases  with  the  niunher, 
an(?  the  quantity  with  the  extent  of  the  series." 

That  this  is  so,  the  effects  produced  on  the  platina  and 
■iron  wires,  in  the  first  and  fifth  experiments  with  the  large 
batiery,  and  the  subsequent  experiments  on  imperfect  con- 
ductors, wiih  the  sn^all  apparatus,  sufficiently  prove.  The 
platina  wire  being  a  perfect  conductor,  and  not  liable  to  be 
oxidated,  presents  no  obstacle  to  the  free  passage  of  the 
electricities  through  it,  vhich,  from  the  immense  quantities 
given  out  from  so  large  a  surface,  evolve,  on  their  mutual 
annihilation,  heat  sufficient  to  raise  the  temperature  of  the 
platina  to  the  point  of  fusion. 

With  the  iron  wire,  of  -^f^^h  of  an  inch  diameter,  the 
effect  is  ver)'  different,  vv-hich  is  explained  by  tlie  low  state 
of  the  intensity  of  the  electricity  (sufficiently  proved  by  its 
not  causing  any  divergence  of  the  gold  leaves  of  the  electro- 
meter), which  being  oppr)sed  in  its  passage  by  the  thin  coat 
of  oxide,  formed  on  the  iron  wire,  at  the  moment  the  cir- 
cuit is  completed,  a  very  small  portion  only  of  it  is  trans- 
mitted through  the  wire.  To  the  same  want  of  intensity  is 
to  be  attributed  the  total  inability  of  the  large  battery  to  de- 
compose the  barytes,  and  its  general  weak  action  on  bodies 
which  are  not  perfect  conductors.  The  small  battery,  on  the 
contrary,  exerts  great  power  on  imperfect  conductors,  de- 
composing them  readily,  although  its  whole  surface  is  more 
than  thirty  times  less  than  that  of  the  great  baiterv  :  but  in 
point  of  number  of  plates,  it  consists  of  .nearly  ten  times  as 
many  as  the  large  one.     The  long  continued  action   of  the 
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small  battery  proves  the  utility  of  having  the  ceils  of  suf- 
ficient capacitv  to  hold  a  large  qiiantUv  of  rujuor,  hy  which 
much  trouble  of  eniptviiig  and  fjlling  the  trou'^hs  is  avoided, 
and  the  action  kept  un,  without  intermission,  for  a  long 
space  of  tMDe, — a  circumstance,  in  many  experiments,  of 
material  consequence.  Besides  this  advantacje,  with  verv 
Jarge  combinatians,  a  certain  distance  between  each  pair  of 
plates  is  absolutely  necessary,  to  prevent  spontaneous  dis- 
charges, which  will  otherwise  ensue,  accompanied  with  vivid 
flashes  of  electric  light,  as  I  have  experienced,  with  a  bat- 
tery of  1250  four-inch  plates,  on  the  new  construction. 
And  here  I  beg  leave  to  mention  an  experiment,  which, 
though  not  directly  in  point,  cannot  be  considered  as  foreica 
to  the  subject  of  this  paper.  It  has  been  urged,  as  one  proof 
of  the  non-identity  of  the  common  electricity,  and  that^iven 
out  by  the  Voltaic  apparatus,  that  in  the  latter  there  is  no 
striking  distance.  I'hat  objection,  however,  must  cease. 
I  took  a  small  receiver,  open  at  one  end  ;  through  perfora- 
tions in  the  opposite  sides  of  which  were  placed  two  vi'ires, 
'>vith  platina  points,  well  polished:  one  was  fixerl  bv  cement 
to  the  glass,  the  other  was  moveable,  bv  means  of  a  fint* 
screw,  through  a  collar  of  leathers,  and  the  distance  be- 
tween the  points  was  ascertained  by  a  small  micrometer  at- 
tached. This  receiver  was  inverted  over  well  dried  pota?h 
over  mercury,  and  suffered  to  stand  a  couple  of  davs,  to  de- 
prive the  air  it  contained,  as  thoroughly  as  possible,  of 
moisture.  The  1250  plates  being  excited  precisely  to  the 
same  degree  as  the  great  battery,  mentioned  iulhe  beuinnin-j; 
of  this  communicaticm  ;  a4id  the  little  receiver  placed  in  the 
circuit,  I  ascertained  its  striking  distance  to  be  -^\h  of  an 
inch.  That  I  might  be  certain  that  the  air  in  the  apparatufi 
had  not  become  a  coi^ductor  by  increase  of  temperature,  I 
repeated  the  experiment  several  times  with  fresh  cool  air, 
and  always  with  the  same  result  ;  but  perhaps  it  will  be  ob- 
jected, that  the  striking  distance  was  so  small,  as  not  to 
afford  a  satisfactory  refutation  of  the  argument  alluded  to, 
when  it  is  considered  to  how  verv  great  a  distance,  qo\v>~ 
paratively,  the  spark  of  the  common  electrical  nvachine  caa 
pass  through  air.     The  answer  to  this  is  obvious :  increase 
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the  number  of  the  plates,  and  the  striking  distance  will  in" 
crease  ;  tor  we  see  throughout,  the  intensity  proportioned 
to  the  number,  and  it  probably  may  be  carried  to  such  ex- 
tent, as  even  to  pass  through  a  thicker  plate  of  air  than  tl>c 
common  spark.  The  great  similarity  of  the  appearance  of 
the  electric  light  of  this  battery  in  vacuo,  and  that  of  the 
common  machine,  might  also  be  urged  as  an  additional 
proof  of  the  identity  of  their  nature. 

The  effect  of  this  large  combination  ox\  imperfect  conduc- 
tors, w^as,  as  may  be  supposed,  very  great ;  but  of  the  same 
plalina  wire,  of  which  the  four-feet  plates  fused  eighteen 
inches,  this  battery  melted  but  half  an  inch,  though,  had 
the  effect  been  in  the  ratio  of  their  surfaces,  it  should  have 
fused  nearly  fourteen  inches. 

The  absolute  effect  of  a  Voltaic  apparatus,  tlverefore, 
seems  to  be  in  the  compound  ratio  of  the  number  and  size 
of  the  plates  :  the  intensity  of  the  electricity  being  as  the 
former,  the  quantity  given  out  as  the  latter;  consequently 
regard  must  be  had,  in  its  construction,  to  the  purposes  for 
which  it  is  designed.  For  experiments  on  perfect  conduc- 
tors, very  large  plates  are  to  be  preferred,  a  small  number  of 
which  will  probably  be  sufficient ;  but  where  the  resistance 
of  imperfect  conductors  is  to  be  overcome,  the  combination 
must  be  great,  but  the  size  of  the  plates  may  be  small ;  but 
if  quantity  and  intensity  be  both  required,  then  a  large  num- 
ber of  large  plates  will  be  necessary.  For  general  purposes, 
four  inches  square  will  be  found  to  be  the  most  convenient 
size. 

Of  the  two  methods  usually  employed,  that  of  having  the 
copper  and  zinc  plates  joined  together  only  in  one  point,  and 
moveable,  is  much  better  than  the  old  plan  of  soldering 
them  together,  through  the  whole  surface,  and  cementing 
them  into  the  troughs :  as,  by  the  new  construction,  the 
apparatus  can  be  more  easily  cleaned  and  repaired,  and  ai 
double  quantity  of  surface  is  obtained.  For  the  partitions 
in  the  troughs,  glass  seems  the  substance  best  adapted  to  se- 
cure a  perfect  insulation  ',  but  the  best  of  all  will  be  troughs 
made  entirely  of  Wedgwood's  ware, — an  idea,  I  beiieve,  first 
suggested  by  Dr.  Babington. 

V.  On 
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V.  On  the  Oiigm  and  Fcrmation  of  Ruols.     In  a  Letter 
fromT.  A.  Knight,  Esq.,  F.R.S.,  to  the  Right  Hon, 
5ir  Joseph  Banks,  K.B.,  P.R.S* 

MY  DEAR  SIR, 

J-N  a  former  coaimunication  T  have  given  an  account  of 
some  experiments,  which  induced  me  to  conclude  that  the 
buds  of  trees  invariably  spring  from  their  alburnum,  to  which 
they  are  always  connected  by  central  vessels  of  greater  or 
less  lengih  ;  and  in  the  course  of  much  subsequent  expe- 
rience, I  have  not  found  any  reason  to  change  the  opiniou 
that  I  have  there  given  t«  The  object  of  the  present  com- 
munication is  to  show,  that  the  roots  of  trees  are  always  ge- 
nerated by  the  vessels  which  pass  from  the  cotyledons  of  the 
seed,  ai»J  from  the  leaves,  through  the  leaf-stalks  and  the 
bark,  and  that  they  never,  under  any  circumstances,  spring 
immediately  from  the  alburnum. 

The  organ,  which  naturalists  have  called  the  radicle  in  the 
seed,  is  generally  supposed  to  be  analogous  to  the  root  of  the 
plant,  and  to  become  a  perfect  root  during  germination;  and 
I  do  not  know  that  this  opinion  has  ever  been  controverted, 
though  I  believe  that,  when  closely  investigated,  it  will  prove 
to  be  founded  in  error. 

A  root,  in  all  cases  with  which  I  am  acquainted,  elongates 
only  by  new  parts  which  are  successively  added  to  its  apex  oi 
point,  and  never,  like  the  stem  or  branch,  bv  the  extension 
of  parts  previously  organized  ;  and  I  have  endeavoured  to 
show,  in  a  former  memoir,  that  owing  to  this  ditFerence  \\\ 
the  mode  of  the  growth  of  the  root  and  lengtheiied  plumule 
of  germinating  seeds,  the  one  must  ever  be  obedient  to  gra-  . 
vitation,  and  point  towards  the  centre  of  the  earth,  whilst 
the  other  must  take  the  opposite  direction  X-  But  the  radicle 
of  germinating  seeds  elongates  by  the  extension  of  parts  pre- 
viously organized,  and  in  a  great  number  of  cases,  which 
must  be  familiar  to  every  person's  observation,  raises  the 
cotyledcms  out  of  the  mould  in  which  the  seed  is  placed  tu. 

•  From  Philosoph  cal  Transactions  for  1S09,  Pari  L 
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vegetate.  The  mode  o\  growth  of  the  radicle  is  tlicrefore 
sitnilar  to  that  of  the  substance  which  occupies  the  spacef' 
bctvfeen  the  buds  near  the  point  of  the  succulent  annual 
shoot,  and  totally  difftrent  fioin  that  of  the  proper  root  of 
the  plant,  which  f  conceive  to  come  first  into  existence  du- 
ring the  serniinarion  of  the  sCed,  and  lo  spring  from  th<? 
point  of  v\  hat  is  called  the  radicle.  At  this  period,  neither 
the  radicle  nor  cotyledons  contain  any  alburnum  ;  and  there- 
fore the  tirst  root  cannot  originate  from  that  substance  ;  but 
the  cortical  vessels  are  then  filled  with  sap,  and  apparently 
in  full  action,  and  through  these  the  sap  ajjpears  to  descend 
which  ffivt's  existence  to  the  true  root. 

When  first  emitted,  the  root  consists  only  of  cellular  sub- 
stance, similar  lo  that  of  the  hark  of  other  parts  of  the  fu- 
ture tree,  and  within  this  the  cortical  vessels  arc  subsequently 
generated  in  a  circle,  inclosing  within  it  a  small  portion  of 
the  cellular  substance,  which  forms  the  pith  or  medulla  of 
the  root.  The  cortical  vessels  soon  enter  on  their  office  of 
generating  alburnous  matter;  and  a  transverse  section  (^f  the 
root  then  shows  the  alburnum  arranged  in  the  form  of 
wedges  round  the  medulla,  as  it  is  subsequently  deposited 
on  the  central  vessels  of  the  succulent  annual  shoot,  and  on 
the  surface  of  the  alburnum  of  the  stems  and  branches  of 
older  trees*. 

If  a  leaf-stalk  be  deeply  wounded,  a  cellular  substance, 
similar  to  that  of  the  bark  and  young  root,  is  protruded  from 
the  upper  lip  of  the  wound,  but  never  from  the  lower;  and 
the  leaf-stalks  of  many  plants  possess  the  power  of  emitting: 
roots,  which  po'ver  cannot  have  resided  in  alburnum,  for 
the  leaf-stalk  does  not  .contain  any  ;  but  vessels,  similar  to 
those  of  the  bark  and  radicle,  abound  in  it,  apparently  con- 
vey the  returning  sap ;  and  from  these  vessels,  or  perhaps 
more  properly  from  the  fluid  they  convey,  the  roots  emitted 
by  the  leaf-stalk  derive  their  existence f. 

If  a  portion  of  the  bark  of  a  vine,  or  other  tree,  which 
readily  emit"?  roots,  be  taken  off  in  a  circle  extending  round 
;t3  stem,  so  as  to  intercept  entirely  the  passage  of  any  fluid 

*  Philosophical  Transactions  for  ISOI,  PJate  xxvu.         |  Ibid.  forJr^Ol. 
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through  ihe  bark;  and  any  budy  which  containa  much  mois- 
Kire  be  applied,  numerous  roots  will  soon  be  emitted  into  it 
immediately  above  the  decorticated  space,  but  never  imme- 
diately beneath  it :  and  when  the  alburnum  in  the  decorti- 
cated spaces  has  become  lifeless  to  a  considerable  depth, 
buds  are  usually  ptotiuded  beneath,  but  never  immediately 
abovfe  it,  a()p3rfn"tly  o'wiu'^  to  the  obstruction  of  the  ascend- 
ing sap.  The  roots,  whifch  are  en}itted  in  the  preceding  case, 
do  not  appear  in  any  degree  to  ditfer  from  those  which  de- 
scend from  the  radicles  of  generating  seeds,  and  both  appa- 
rently derive  their  matter  from  the  ftuid  which  descends 
through  the  cortica:!  vessels; 

There  are  several  varieties  of  the  apple  tree,  the  trunks  and 
branches  of  which  are  almost  covered  with  rough  excres- 
cences, formed  by  congeries  of  points  which  would  have 
Weconje  roots  under  favourable  circnmstatices  ;  and  such 
varieties  are  always  very  readily  propagated  by  cuttings. 
Having  thus  obtained  a  considerable  number  of  plants  of  one 
of  these  varieties,  the  excrescences  began  to  form  upon  their 
.stems  when  two  years  old,  and  mould  being  then  applied  to 
them  in  the  spriuir,  numerous  roots  were  emitted  into  it 
early  in  the  sun)mer.  The  mould  was  at  the  same  time  raised 
round,  and  applied  toj  the  stems  of  other  trees  of  the  same 
age  and  variety,  and  in  every  respect  similar,  except  that  the 
tops  of  the  latter  were  cut  off  a  short  distance  aboe  th« 
lowest  excrescence,  so  that  there  were  no  buds  or  leaves 
from  which  sap  could  descend  to  generate  or  feed  new  roots  j 
and  under  these  circumstances  no  roots,  but  numerous  buds 
were  emitted,  and  these  buds  all  sprang  from  the  spaces  and 
points,  which  under  different  circumstances  had  afforded 
roots.  The  tops  of  the  trees  last  mentioned,  bavin?  been 
divided  into  pieces  of  ten  inches  long,  were  planted  as  cut- 
tings, and  roots  were  by  these  emitted  from  the  lowest  ex- 
crescences beneath  the  soil,  and  buds  from  the  uppermost 
of  those  above  it. 

I  had  anticipated  the  result  of  each  of  the  preceding  expe- 
riments ;  not  that  I  supposed,-  or  now  suppose,  that  roots" 
ran  be  changed  into  bnds,  or  buds  into  roots;  but  I  had 
before  proved  that  the  organization  of  the  alburnum  is  better 
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caloalated  to  carry  the  sap  it  contains,  from  the  root  up- 
wards, than  in  any  other  direction  ;  and  I  concluded  that  the 
&ap  when  arrived  at  the  top  of  the  cutting  through  the  al- 
burnum would  be  there  employed,  as  I  had  observed  in  many 
similar  cases,  in  generating  buds,  and  that  these  buds  would 
ht  protruded  where  the  bark  was  young  and  thin,  and  con- 
sequently atlbrded  httle  resistance*.  I  had  also  proved  the 
bark  to  be  better  calculated  to  carry  the  sap  towards  the  roots 
t-han  in  the  opposite  direction,  and  I  thence  inferred  thai  as 
soon  as  any  buds,  emitted  by  the  cuttings,  afforded  leaves, 
the  sap  would  be  conveyed  from  these  to  the  lower  extremity 
of  the  cuttings  by  the  cortical  vessels,  and  be  there  employed 
in  the  formation  of  roots  *. 

Both  the  alburnum  and  bark  of  trees  evidently  contain 
their  true  sap;  but  whether  the  fluid,  which  ascends  in  such 
cases  as  the  precedinii;  through  the  alburnum  to  generate 
buds,  be  essentially  different  from  that  which  descends  down 
the  bark  to  generate  roots,  it  is  perhaps  impossible  to  decide. 
As  nature,  however,  appears  in  the  vegetable  world  to  ope- 
rate by  the  simplest  means;  and  as  the  vegetable  sap,  like 
the  animal  blood,  is  probably  filled  with  particles  which  are 
endued  with  life,  were  I  to  offer  a  conjecture,  I  am  much 
more  disposed  to  believe  that  the  same  fluid,  even  by  merely 
acquiring  ditl'erent  motions,  may  generate  different  organs, 
than  that  two  distinct  fluids  are  employed  to  form  the  root, 
and  the  bud  and  leaf. 

When  alburnum  is  formed  in  the  root,  that  organ  pos- 
sesses, in  common  with  the  stem  and  branches,  the  power 
of  producing  buds,  and  of  emitting  fibrous  roots;  and  when 
it  is  detached  from  the  tree,  the  buds  always  spring  near  its 
upper  end,  and  the  roots  near  the  opposite  extremity,  as  in 
the  cuttings  above  mentioned.  l"he  alburnum  of  the  root 
is  also  similar  to  that  of  other  parts  of  the  tree,  except  that 
it  is  more  porous,  probably  owing  to  the  presence  of  abun- 
dant moistU're  during  the  period  in  which  it  is  deposited  f. 
And  possibly  the  same  cause  may  retain  the  wood  of  the  root 
termanently  in  the  state  of  alburnum;  for  I  have  shown,  in 
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a  former  memoir,  that  if  the  mould  be  taken  away,  so  that 
the  parts  of  tiie  larger  roois,  wlijch  adjoin  the  trunk,  be  ex- 
posed to  the  air,  such  parts  are  subsequently  found  to  con- 
tain much  heart  wood*. 

I  would  wish  the  preceding  observ?.<ions  to  be  considered 
as  extending  to  trees  only,  and  exclusive  of  the  palm  tribe  ; 
but  I  believe  thev  are  nevertheless  aenerally  applicable  to 
perennial  herbaceous  plants,  and  that  the  buds  and  fibrous 
roots  of  these  originate  from  substances  which  correspond 
with  the  alburnum  and  bark  of  trees.  It  is  obvious,  that 
the  roots  which  bulbs  emit  in  the  sprinj,  are  generated  by 
the  sap  which  descend?  from  the  bulb,  when  that  retains  its 
natural  position  ;  and  such  tuberous- rooted  plants  as  the  po- 
latoe  offer  rather  a  seeming  than  a  real  obstacle  to  the  hypo- 
thesis I  am  endeavouring  to  establish.  The  buds  of  these, 
are  generally  formed  beneath  the  soil ;  but  I  liave  shown,  in. 
a  former  memoir,  that  the  buds  on  every  part  of  the  stem 
may  be  made  to  irenerate  tubers,  which  are  similar  to  those 
usually  formed  beneath  the  soil ;  and  I  have  subsequently 
seen,  in  many  instances,  such  emitted  by  a  rtproduced  bud, 
without  the  calyx  of  a  blossom,  which  had  failed  to  produce 
fruit ;  but  I  have  never,  under  any  gircumstances^  been  able 
to  obtain  tubers  from  the  fibrous  roots  of  the  plaut. 

The  tube  therefore  appears  to  differ  little  from  a  branch, 
which  has  dilated  instead  of  extending  itself^  except  that  it 
becomes  capable  of  retaining  life  dunno;  a  longer  period  ; 
and  when  I  have  laboured  through  a  whole  summer  to  coun- 
teract the  natural  habits  of  the  plant,  a  profusion  of  blos- 
soms has  in  many  instances  sprung  from  the  buds  of  a  tuber. 

The  runners  also,  which,  according  to  the  natural  habit 
of  the  plant,  give  existence  to  the  tubers  beneath  the  soil, 
are  very  similar  in  organization  to  the  stem  of  the  plant,  and 
readily  emit  leaves,  and  become  converted  into  perfect  stems 
in  a  few  days,  if  the  current  of  ascending;  sap  be  diverted 
into  them;  and  the  mode  in  which  the  tuber  is  formed  above 
and  beneath  the  soil  is  precisely  the  same.  And  when  tha 
sap,  which  has  been  deposited  at  rest  during  the  autumn  and 
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winter,  is  airain  called  into  action  to  feed  the  buds,  which 
elongate  into  parts  of  the  stems  of  the  future  plants  in  the 
spring,  fibrous  roots  are  emitted  from  the  bases  of  these 
stems,  whilst  buds  are  generated  at  the  opposite  extremitio?, 
as  in  the  cases  I  hav'e  mentioned  respecting  trees. 

Many  naturalists*  have  supposed  the  fibrous  roots  of  all 
plants  to  be  of  annual  duration  onlv  ;  and  those  of  bulbous- 
and  tuberous-rooted  plants  certainly  are  so  :  as  in  these  Na- 
ture has  provided  a  distinct  reservoir  h^r  the  sap  which  is  to 
form  the  first  leaves  and  fibrous  roots  of  the  succeeding  sea- 
son ;  but  the  orrjaiiization  of  trees  is  very  different,  and  the 
alburnum  and  hark  of  the  roots  and  stems  of  these  are  the 
reservoirs  of  their  sap  during  the  winter  f.  When,  however, 
the  fibnms  roots  of  trees  are  crowded  together  in  a  garden- 
pot,  thev  arc  ofen  found  lifeless  in  the  succeeding  spring  j 
but  I  have  not  observed  the  same  mortality  tq  occur,  in  any 
dee;ree,  in  the  roots  of  trees  when  growing,  under  favourable 
circumstances,  in  their  natural  situation .- 

I  am  prepared  to  offer  some  observations  on  the  causes 
which  direct  the  roots  of  plants  in  search  of  proper  nutri- 
ment, and  which  occasion  the  root  of  the  same  plant  to  as- 
sunje  different  forms  imder  different  circumstances;  but  I 
propose  to  make  those  observations  the  subject  of  a  future 
communication.  I  am,  my  dear  sir, 

with  great  respect,  your  much  obliged,  &c.  &c. 

Thomas  Ani>.  Knight. 

Elton,  Dec.  i2i!,  1808. 

_^ i  ■ 

VI.  Analysis  of  the  Mecamque  Celeste  of  M.  La  Place. 

BlJ  M.  iilOT. 

[Continued  from  vol.  xxxiii.  p.  470'.] 

_L  HR  author  is  afterwards  occupied  with  the  determination 
of  the  motions  of  the  heavenly  bodies  by  successive  approxi- 
mations. In  the  theory  of  these  motions  the  action  of  the 
tjerturbating  forces  only  obliges  us  to  add  some  small  terms 

*  M.  Mirbel's  Traitc  d'  AnaUnnit.  ice.  Sec.  Dr.  Sn.ith's  Introduction  to 
Botany. 
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to  the  differential  equations  of  the  elliptic  motion  :  the  au- 
thor consequently  examines  what  are  the  changes  to  which  it 
is  necessary  to  subject  the  integrals  of  the  differential  equa- 
tions, in  order  to  have  those  of  the  same  equations  aug- 
rnented  bv  certain  terms.  The  analysis  which  he  uses  gives 
these  integrals  in  a  simple  and  exact  manner  when  the  pro- 
posed equations  are  linear,  axid  furnishes  in  general  a  method 
of  obtaining  them  by  approximation  :  we  may  attain  the 
same  object  by  the  method  of  successive  substitutions.  The 
author  details  this  process,  which  has  the  inconvenience  of 
introducing  arcs  of  a  circle,  out  of  the  periodical  signs  in 
the  approximate  integral,  even  when  they  are  not  to  be 
found  in  the  exact  integral  ;  and  this  circumstance  takes 
place  when  this  last  should  contain,  under  the  periodical 
signs,  the  very  small  coefficients,  according  to  the  powers 
of  which  the  approximate  inteffral  is  ordered  ;  these  arcs  of 
a  circle  being  susceptible  of  an  indefinite  increase  would  at 
length  render  the  approximate  integrals  defective  ;  and  as  it 
is  of  importance  that  these  integrals  may  embrace  past  and 
future  ages,  it  is  necessary  to  repass  from  these  arcs  of  a 
circle  to  the  functions  which  produce  them  by  their  deve- 
lopment into  series.  In  order  to  attain  this  object,  the  au- 
thor gives  a  method  applicable  to  any  given  number  of  diffe- 
rential equations;  he  shows  afterwards  that  the  integrals  of 
the  differential  equations  preserve  the  same  form,  when  these 
equations  are  increased  by  certain  terms  ;  and  from  this  he 
deduces  the  means  of  obtaining,  among  the  arbitrary  constant 
quantities,  the  conditions  relative  to  this  last  supposition  .: 
he  afterwards  shows  the  utility  of  the  variation  of  the  con- 
stant arbitrary  quantities  for  facilitating  llie  appj-oxiinate  m- 
tegratio?!  of  the  equations  in  certain  cases. 

The  author  applies  the  preceding  methods  to  the  pertur- 
bations of  tlie  celestial  motions  j  he  obtain*  at  first  under  a 
finite  form  the  periurbations  of  the  motion  in  longitude,  la- 
titude, and  th.ose  of  the  radius  v<:ctor  of  the  orbit  ;  he  after- 
wards takes  up  the  subject  of  the  important  problem  which 
h?s  for  its  object  the  development  of  perturbations  in  con- 
vergent series  of  the  sine  and  cosine  of  angles  increasing  pro- 
poruonaliy  to  the  time.     To  obtain  this,  he  first  sives  a  very 
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simple  method,  by  which  we  imixiediately  obtain  the  different 
tial  equations  w  hich  determine  the  perturbations  ordered  ac- 
cording to  the  powers  and  to  the  products  of  the  excentricities 
of  the  inclinations  of  the  orbits.  This  method  consists  in  sup- 
posing the  radius  vector  of  the  disturbed  orbit  expressed  by 
a  function  of  the  same  form  as  that  of  the  elliptic  orbit ;  the 
■quantity  which  enters  into  this  function  is  then  found,  given 
as  in  the  elliptic  motion  by  a  linear  differential  equation  of 
the  second  order  with  constant  coefficients,  increased  by  a 
last  term  depending  on  the  action  of  the  disturbing  forces; 
circumstances  which  permit  us  to  apply  to  this  equation  tl)e 
methods  of  integration  previously  detailed  :  in  the  latter,  re- 
gard is  had  only  to  the  first  power  of  the  disturbing  force. 
It  is  necessary,  fur  what  precedes,  to  develop  a  certain  func- 
tion of  the  masses  and  of  the  mutual  distances  of  the  bodies 
of  the  system  in  a  converging  series  of  the  sines  and  cosines 
of  angles  increasing  proportionally  to  the  time.  The  au- 
thor gives  the  method  of  attainiiig  this,  and  employs,  iu 
this  calculation,  in  a  very  elegant  manner,  the  characteristic 
of  the  integrals  of  finite  differences  :  this  permits  him  to  ex- 
press with  much  simplicity  the  development  sought,  and 
the  product  of  this  development  by  the  sine  or  cosine  of  any 
angle.  According  to  what  precedes,  he  determines  the 
perturbations  of  motion  in  longitude,  latitude,  and  those  of 
the  radius  vector  of  the  orbit,  carrying  his  precision  as  far 
as  quantities  of  the  order  of  the  eccentricities  and  of  the 
inclinations  of  the  orbits,  and  demonstrates  the  convergency 
of  these  results,  w  hatevcr  be  the  ratio  of  the  distances  of 
the  planets  which  we  consider  to  the  sun  ;  a  circumstance 
the  more  important  to  observe,  since  otherwise  it  would 
have  been  impossible  to  express  analytically  the  reciprocal 
perturbations  of  the  planets,  with  respect  to  which  the  rela- 
tions of  these  distances  approach  to  unity:  he  afterwards 
collects  these  results  which  contain  the  whole  theory  of  the 
planets,  when  we  neglect  the  squares  and  products  of  the 
eccentricities,  and  of  the  inclinations  of  the  orbits,  which  is 
most  frequently  peruiitted.  After  having  shown  how  we 
cmild,  if  it  were  necessary,  obtain  a  greater  approximation, 
he  inves  the  means  of  estimating  the  degree  of  precision  of 
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the  different  terms  of  which  these  forinulie  are  composed, 
and  shows  that  wc  niav  ea%iiy  extend  them  to  the  case  ia 
which  the  number  ot"  the  disturbing  masses  is  given. 

The  formulae  v/hich  give  the  disturbed  motion  contain- 
ing in  some  of  their  terms  the  time  without  periouical  signs, 
the  author  employs  the  meth«>d  described  above  to  make 
these  terms  disappear.  This  process  leads  to  differential 
equations  among  the  constant  arbitrary  quantities  of  the 
problem  which  are  here  the  elements  of  the  elliptic  motion  : 
we  obtain  by  this  means  the  variations  which  these  elements 
undergo  in  consequence  of  the  action  of  the  disturbing 
masses,  at  least  so  far  as  we  negkct  the  second  powers  of 
these  masses,  and  those  of  the  eccentricities  and  inclinations 
of  the  orbits.  The  tirst  property  which  this  analysis  dis- 
plays, is,  that  the  transverse  axes  of  the  orbits  and  the  mean 
motions  are  unalterable  j  but  the  expression  or  the  longitude 
from  which  we  draw  this  result  being  only  approximate,  it 
is  important  to  examine  the  nature  of  the  terms  which  might 
be  there  introduced  by  successive  approximations  ;  for,  if 
there  were  anv  which  were  proportional  to  the  square  of  the 
time,  the  preceding  property  would  cease  to  take  place,  and 
the  transverse  axes  and  the  meaa  motions  might  be  indefi- 
nitely altered.  The  author  shows,  that  if  we  regard  only  the 
lirst  power  of  the  disturbing  masses,  however  far  in  other 
respects  we  may  extend  the  appraximation  with  respect  to 
the  eccentricities  and  inclinations,  the  expression  of  the 
longitude  will  never  contain  any  similar  terms,  at  least 
while  the  mean  motions  of  the  bodies  of  the  svstem  are  m^ 
commensurable  among  each  other,  which  is  the  case  with 
the  solar  system  ;  whence  it  results,  that  bv  confining  our- 
selves to  the  first  powers  of  the  disturbing  masses,  the  trans- 
verse axes  of  the  orbits  are  constant,  and  the  mean  motions 
uniform.  The  author  afterwards  integrates  the  diftl-ren- 
tial  equations  which  determme  the  variations  of  the  other 
elliptic  elements  ;  he  discusses  their  extent,  and  shows  that 
the  solar  system  can  only  osciliate  around  a  n;ean  state  of 
ellipticity  and  of  inclination,  From  which  it  wanders  little  : 
hence  it  follows,  that  the  orbits  of  the  planets  and  satellites 
never  have  been,  and  never  will  be,  considcrabiv  eccentric, 
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por  inclined  to  each  other,  at  least  if  we  regard  only  the 
nuitual  action  ot"  these  bodies.  The  variations  determined 
bv  the  precediuij;  analvsis,  taking  place  with  great  slowness | 
have  been  named  secular  ;  and  we  niav,  during  a  long  in- 
terval, suppose  them  proportional  to  the  lime:  the  author 
gives  the  method  ot  obtaining  them  under  that  form,  which 
IS  useful  for  astron<)n)ical  purposes. 

These  inquiries  make  known  some  relations  among  l[ie 
elements  of  the  orbits  which  are  onlv  approximate :  the  au- 
thor develops  those  which  take  place  in  general,  whatever 
niav  be  the  eccentricities  and  the  inclinations  :  he  afterwards 
gives,  the  necessary  formulae  for  deternjining,  with  respect 
to  the  solar  system,  the  position  of  the  invariable  plane  upon 
which  the  sum  of  the  areas  described  by  the  projections  of 
the  radii  vectores  of  the  bodies  of  the  system,  nmltiplied  re-^ 
spectively  by  the  masses  of  these  bodies,  is  a  maxnnum. 
The  research  of  this  plane  becomes  very  important,  on  ac- 
count of  the  proper  motions  of  the  stars  and  of  the  ecliptic  ; 
but  it  requires  that  we  should  kr>ow  the  masses  of  the  co- 
jnets,  and  the  elements  of  their  orbits  :  happily,  these 
jnasses  appearing  to  be  very  small,  we  may,  without  any 
perceptible  error,  neglect  their  action  on  the  planets  :  con- 
siderinff  then  the  motion  of  two  orbits  inclined  one  to  the 
other  bv  anv  given  angle,  the  author  shows  that,  indtpen- 
dently-of  every  extraneouf  cause,  the  two  orbits  \v\\\  always 
cat  the  invariable  plane  relative  to  tl>ipir  system  in  the  same 
straight  line,  the  ascending  node  of  the  one  coinciding  with 
the  descendins:  node  of  the.  other;  and  he  gives,  upon  the 
supposition  of  very  small  inclinations,  the  expression  of  the 
motion  of  this  intersection. 

The  preceding  method  only  giving  the  inequalities  inde- 
pendent of  the  mutual  contiauration  of  the  bodies  of  the 
system,  the  author  resumes  this  problem  by  a  different  pro- 
cess ;  he  infers  from  analytical  considerations  detailed  above, 
that  the  disturbed  motion  of  the  celestial  bodies  may  be  re- 
ferred to  the  laws  of  elliptic  motion,  supposing  the  elements 
of  this  motion  variable  ;  he  shows  that  these  results  may  also 
be  drawn  immediatelv  from  the  consideration  of  elliptic  mo- 
tion, regarding  the  disturbed  planet,  as  oscillating  in  a  very 
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small  orb  around  a  fictilioiis  planet,  moved  according  to  the 
^aws  of  elliptic  motion,  in  an  ellipsis,  the  elements  oJ' which 
vary  bv  insensible  shades  :  hence  are  deduced  with  facility, 
the  diflerential  equations  which  dcterniine  these  variations. 
Bv  applvinj  these  results  to  the  case  of  orbits  eccentric  in  a 
sniail  dcoree,  and  iittie  inclined  towards  each  other,,  and 
neglecting  the  second  powers  ot  the  pt-rtiirbating  masses,  we 
see  in  the  first  place  that  the  transverse  axes  and  the  mean 
motions  arc  onlv  subjected  to  periodical  variations  depending 
upon  the  mutual  contiguration  of  the  bodies  of  the  system, 
and  thereby  even  not  vefv  extensive  :  hence  it  follows  that 
by  neglecting  these  quantities,  the  major  axes  of  the  orbits  are 
constant,  ajid  the  niean  motions  are  uniform  ;  a  result  pre- 
viously found  by  adifFerent  method.  This  property  only  takes 
place  when  the  mean  motion?  of  the  bodies  of  the  system  are 
incommensurable  among  each  other,  which  is  the  case  with- 
the  planets  :  if,  with  respect  to  some  of  these  bod.es,  very 
iitile  is  required  in  order  to  iulfil  this  condition,  the  elliptic 
elements,  and  particularly  the  mean  longitude  which  de- 
pends upon  two  mtcgrations,  acquire  in  certain  terms  very 
large  divisions,  which  introduce  there  some  very  perceptible 
inequalities.  The  author  gives  the  method  of  determining 
ihooc  which  affect  the  mean  longitude,  and  he  sliows  that 
when  there  are  inequalities  of  this  kind,  which  the  action  of 
one  of  the  bodies  of  the  system  produces  upon  the  mean 
motion  of  another,  it*is  easy  to  deduce  those  which  the  ac- 
tion of  the  second  body  produces  on  the  mean  motion  of  the 
first,  and  he  proves  that  these  inequalities  are  afJ'ecied  by 
contrary  sia;np,  and  reciprocal  to  the  products  of  the  masses 
of  bodies  by  the  square  roots  of  the  major  axes  of  their  or- 
bits. The  illustrious  author  of  this  work  has  been  the  first 
to  demonstrate  that  to  a  similar  cause  is  owinc:  the  accele- 
ration of  the  mean  motion  of  Jupiter,  and  the  retardation  of 
that  of  Saturn.   {Memoires  de  I'Academie,  1 784-8.'3). 

The  author  afterwards  examines  the  case  in  which  the 
mo;?t  perceptible  inequalities  of  the  mean  motion  are  only  to 
be  met  with  among  the  terms  of  the  order  of  the  square  of 
xhii  perturbatrix  niasses  :  this  singular  circumstance  takes 
place  in  the  system  of  the  satellites  of  Jupiter^  asul  it  depends 
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iipoa  the  relations  which  observations  point  out  between 
the  mean  motions  of  the  three  first  among  each  other.  The 
author  develops  at  proper  length  this  important  point  of  the 
system  of  the  world  ;  and  from  it  he  infers  that  the  mean 
motion  of  the  first  satellite,  miims  thrice  that  of  the  second, 
plus  twice  that  of  the  third,  is  exactly  and  constantly  equal 
to  nothing,  and  that  the  mean  longitude  of  the  first  satellite 
minus  thrice  that  of  the  second,  plus  thrice  that  of  the  third, 
is  exactly  and  constantly  equal  to  two  right  angles.  These 
elei^ant  theorems,  which  would  of  themselves  be  sufficient 
to  immortalize  their  author,  have  been  presented  for  the 
first  time  to  geometricians  and  astronomers,  in  the  Memoirs 
above  o^ioted. 

The  author  afterwards  develops  the  differential  equations 
which  determine  the  variations  of  the  other  elements  of  the 
orbit :  he  shows  that  the  values  of  the  unknown  quantities 
which  they  contain  are  composed  of  two  parts  ;  the  one,  de- 
pending upon  the  mutual  configuration  of  the  bodies  of  the 
system,  contains  the  variations  called  per ioiiic;  the  other,  in- 
dependent of  this  configuration,  contains  the  variations  called 
secular.  The  author  gives  a  very  simple  method  of  obtaining 
the  first  part ;  and  as  to  the  second,  he  proves  that  it  is  given 
by  the  same  differential  equations  deprived  of  their  last  terms  ; 
a  circumstance  which  refers  them  to  those  which  he  had 
formerly  treated  of  at  full  length,  by  the  first  method  of  ap- 
proximation which  we  have  mentioned. 

We  have  said  that  the  relations  of  the  mean  motions  may 
introduce,  in  the  expression  of  the  mean  longitude,  a  sen- 
sible inequality  among  the  terms  depending  upon  the  second 
power  of  the  disturbing  masses.  The  author  examines  the 
influence  of  these  same  relations  upon  the  other  elements, 
and  he  determines  the  inequalities  resulting  from  them;  he 
establishes  the  very  simple  relations  which  connect  these  in- 
equalities with  those  of  the  mean  motion  ;  he  discusses  the 
variations  to  which  the  same  cause  subjects  the  expressions 
of  the  latitude  above  a  fixed  plane  a  little  inclined  to  the  or- 
bit ;  he  shows  how  by  means  of  these  results  we  obtain  the 
values  of  the  latitude,  longitude,  and  of  the  radius  vector  of 
the  disturbed  orbit,    variable   quantities   which  determine 
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the  position  of  the  celestial  bodies.  In  this  manner  ter- 
minates the  second  book  :  extremely  remarkable  from  the 
importance  ot  the  subject,  the  elegance  ot  the  methods,  and 
the  simplicity  of  the  details;  valuable  advantages  which  are 
principally  felt  in  the  inquiry  mto  the  mequalities  depending 
upon  the  relations  of  the  mean  motions.  Geometricians 
know  that  it  is  to  the  author  of  this  work  we  are  indebted 
for  almost  the  whole  of  this  theory. 

END  OF  BOOK  SECOND. 
[To  be  continued.] 


Vir.  Account  of  the  Dissection  of  a  Human  Foetus,  in  which 
the  Circulation  of  the  Blood  teas  carried  on  without  a 
Heart.  By  Mr.  B.  C.  Brodie.  Communicated  by  Eve- 
RARD  Home,  Esq.,  F.R.S.* 

jljLn  opportunity  lately  occurred  to  me  of  examining  a  hu- 
man fcetus,  in  which  the  heart  was  wanting,  and  the  circu- 
lation of  the  blood  was  carried  on  by  the  action  of  tiie  vessels 
only.  There  have  been  some  other  instances  of  this  remark- 
able deviation  from  the  natural  sti  ucture ;  but  in  that  to 
which  I  allude  the  gro^vth  of  the  child  had  been  natural, 
and  it  differed  much  less  from  the  natural  formation  than  in 
any  of  those  which  are  on  record,  and  I  have  therefore  been 
induced  to  draw  up  the  following  account  of  it. 

A  woman  was  delivered  of  twins  in  the  beginning  of  the 
seventh  month  of  pregnancy.  There  was  a  placenta  with 
two  umbilical  chords,  which  had  their  origin  about  three 
inches  distant  from  each  other.  The  placenta  was  not  pre- 
served;  but  Mr.  Adams,  who  attended  the  mother  in  her 
lying-in.  observed  nothing  unusual  in  its  appearance.  Both 
fcetu'ses  were  born  dead.  They  were  nearly  of  the  saone  size. 
One  of  them  in  no  respect  differed  from  the  ordinarv  forma- 
tion i  the  other  had  an  unusual  appearance,  and  Mr.  Adams 
thought  it  deserving  of  examination.  Through  Dr.  Hooper 
it  was  put  into  my  hands  for  this  purpose. 

The  foetus  measured  thirteen  inches  from  the  sitmmit  of 
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the  cranium  to  the  feet.  The  thorax  and  abdomen  were 
surrounded  by  a  large  shapeless  mass,  which  concealed  the 
form  of  the  whole  upper  part  of  the  Body.  This  mass  proved 
to  be  the  integuments  covering  the  posterior  part  of  the  neck 
and  thorax,  distended  with  a  watery  fluid  about  three  pints 
in  quantity,  contained  in  two  cysts  lined  by  a  smooth 
membrane.  When  the  fluid  was  evacuated,  and  the  cysts 
allowed  to  collapse,  the  foetus  had  nearly  the  natural  form. 
Its  extremities  had  nearly  the  usual  appearance,  except  that 
on  the  right  hand  there  was  no  thumb ;  on  the  left  hand 
there  was  no  thumb  also,  and  only  a  single  finger.  There 
were  three  toes  on  the  right  foot,  and  four  toes  on  the  left 
foot.  The  external  nostrils  consisted  only  of  two  folds  of 
skin,  under  each  of  which  was  the  orifice  of  an  internal  nos- 
tril, but  pervious  only  for  about  half  an  inch.  There  was 
a  hare  lip,  and  a  cleft  in  the  bony  palate  extending  one-third 
of  an  inch  backwards. 

On  dissection,  the  cranium  was  found  sonie^vhat  com- 
pressed by  the  fluid  contained  in  the  cyst  behind  it.  The 
brain  itself  was  too  putrid  for  accurate  examination,  but  it 
was  of  nearly  the  natural  size,  and  nothing  unusual  was  ob- 
served ill  it.  The  membranes  had  the  natural  appearance, 
and  the  nerves  appeared  to  go  off  from  the  brain  and  spinal 
pjarrow  nearly  as  usual. 

In  the  thorax  there  was  no  heart,  thymus  gland,  or  pleura. 
The  trachea  was  situated  immediately  behind  the  sternum. 
It  had  its  natural  appearance,  and  divided  as  usual  into  the 
two  bronchia.  The  latter  terminated  in  the  lungs,  which 
consisted  of  two  rounded  bodies,  not  more  than  one-third 
of  an  inch  in  diameter,  having  a  smooth  external  surface, 
and  composed  internally  of  a  dense  cellular  substance.  The 
oesophagus  had  the  usual  situation,  but  it  terminated  in  a 
cul-de-sac  at  the  lower  part  of  the  thorax.  The  rest  of  the 
thorax  was  filled  with  a  dense  cellular  substance;  and  iu 
place  of  the  diaphragm,  there  was  a  n)embranous  septuM 
between  it  and  the  cavity  of  the  abdomen. 

In  the  abdomen,  the  stomach  had  no  cardiac  orifice.  The 
intestine  was  attached  to  the  mesentery  in  the  usual  wav  ; 
but  it  was  proportiouably  shorter  than  natural.     There  was 
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an  imperfect  ccecum,  but  the  colon  was  not  distinguished 
by  any  difference  of  structure  or  appearance  from  the  rest  of 
the  intestine.  The  rectum  had  ils  usual  situation  in  the 
pelvis.  The  spken  and  renal  capsules  were  small ;  the  kid- 
neys, bladder,  penis,  and  testicles  bad  the  usual  appearance. 
The  abdomen  was  lined  by  peritonaeum,  but  there  was  no 
omentum.  The  liver  and  gall-bladder  were  wanting. 

As  there  was  no  heart,  it  became  an  object  of  importance 
to  ascertain  the  exact  nature  of  the  circulation  :  for  this  pur- 
pose the  blood-vessels  were  traced  with  attention. 

The  umbilical  chord  consisted  of  two  vessels  only  :  one  of 
these  was  larger  than  the  other,  and  its  coats  resenibled  those 
pf  a  vein,  while  those  of  the  smaller  vessel  were  thick  and 
elastic,  like  those  of  an  artery.  Both  of  these  vessels  en- 
tered the  navel  of  the  child.  The  arterv  passed  to  the  left 
groin  by  the  side  of  the  urachu*:,  occupying  the  usual  situa- 
tion of  the  left  umbilical  artery.  Here  it  gave  off  the  external 
and  internal  iliac  arteries  of  the  left  side,  and  was  then  con- 
tinued upwards  on  the  fore-part  of  the  spine  formiu"^  the 
aorta.     From  the  aorta  arose  the  common  trunk  of  the  rieht 
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iliac  artery,  and  the  branches  to  the  viscera  and  parietes  of 
the  thorax  and  abdomen.  At  the  upper  part  of  the  thorax  it 
sent  off"  the  two  subclavian,  and  afterwards  divided  into  the 
two  carotid  arteries,  without  forming  an  arch.  The  veins 
corresponding  to  these  arteries  terminated  in  the  vena  cava, 
which  was  situated  on  the  anterior  part  of  the  spine  before 
the  aorta,  and  passed  downwards  before  the  right  kidnev 
to  the  right  groin.  Here  it  became  reflected  upwards  by  the 
side  of  the  urachusto  the  navel,  and  was  continued  into  the 
larger  vessel  or  vein  of  the  chord. 

It  appears  therefore,  that,  in  this  foetus,  not  onlv  the 
heart  was  wanting,  but  there  was  no  connnunication  of  any 
kind  between  the  trunks  of  the  venous  and  arterial  systems, 
as  in  the  natural  foetus,  where  there  is  a  heart.  The  onlv 
communication  between  the  two  sets  of  vessels,  was  by 
means  of  the  capillary  branches  anastomosing  as  usual  in  the 
foetus  and  in  the  placenta.  The  blood  must  have  been  pro- 
pelled from  the  placenta  to  the  cliild  throuch  the  arterv  of 
the  chordj  and  must  have  been  returned  to  the  phcpnta  b- 
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tneans  of  the  vein,  so  that  the  plncenta  must  have  been  at 
once  the  source  and  the  termination  ot"  the  circulation,  and 
the  blood  must  have  been  propelled  by  the  action  of  the 
vessels  only. 

It  is  to  be  understood,  that  the  circulation  in  the  fcetus  re- 
ceives no  propelling  power  from  the  action  of  the  heart  and 
arteries  of  the  mother.  This,  although  perfectly  known  to 
anatomists,  it  is  proper  to  mention,  as  it  may  not  be  equally 
known  to  all  the  members  of  this  Society. 

It  appears  extraordinary,  that  under  these  circumstances, 
notwithstanding  the  circulation  through  the  placenta  must 
have  been  more  languid  than  is  natural,  that  organ  should 
nevertheless  have  been  capable  of  exercising  its  proper  func- 
tions, so  as  to  produce  those  changes  o'n  the  blood  which 
are  necessary  for  the  maintenance  of  foetal  life.  This  mav 
be  explained  by  considering  that  in  the  natural  foetus  the 
umbilical  arteries  are  branches  of  the  general  arterial  system, 
and  only  a  portion  of  the  blood  of  the  child  is  sent  to  the 
placenta;  whereas,  in  the  foetus  v^'hich  I  have  described,  the 
trunk  of  the  vena  cava  was  continued  into  the  vein  of  the 
chord,  and  the  whole  of  the  venous  blood  circulated  throoiih 
the  placenta,  and  was  exposed  to  the  influence  of  the  arterial 
blood  of  the  mother. 

But  the  most  interesting  circumstance  which  we  learn 
from  this  examination  is,  that  the  circulation  not  only  ca<) 
be  carried  on  without  a  heart,  but  that  a  child  so  circum- 
stanced can  be  maintained  in  its  growth,  so  as  to  attain  ihfe 
same  size  as  a  fcetus  which  is  possessed  of  that  organ.  This 
fact  is  contrary  to  vyh-'it  prior  experience  has  led  us  to  expect, 
as  will  appear  from  the  following  abstract  of  the  authenti- 
cated cases  of  this  species  of  malformation,  which  we  find 
on  record. 

A  monster,  in  which  there  was  no  heart,  is  described  by 
M.  Mery*.  There  were  twins,  one  of  which  was  well 
formed,  and  of  the  usual  size  of  a  six  months  child  :  the 
size  of  the  other  was  not  mentioned,  so  that  no  comparison 
could  be  made  between  them.  In  the  latter,  the  head,  neck, 
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and  upper  extremities  were  wanting.  Tliere  were  no  vestiges 
of  a  brain,  nor  was  there  any  liver.  The  dissection  of  the 
blood-vessels  does  not  appear  to  have  been  very  accurately 
made ;  but,  from  the  general  account-  I  should  suppose  that 
the  circulation  did  not  materially  differ  from  that  of  the  fcE- 
tus  which  I  have  described. 

Another  instance  of  this  kind  is  described  by  M.  Win- 
slow  *.  This  was  also  a  twin,  only  seven  inches  in  length. 
The  age  and  size  of  the  other  child  are  not  mentioned.  In 
this  instance  there  was  no  head,  nor  any  vestige  of  brain. 
There  were  no  lungs,  liver,  stomach,  nor  spleen,  and  only 
a  small  portion  of  intestine.  The  arterial  system  is  described 
as  being  complete,  communicating  with  the  placenta  by  the 
umbilical  vein  opening  into  the  aorta,  and  the  umbilical  ar- 
teries arising  nearly  as  usual.  In  this  instance  there  was  a 
circle  of  vessels  formed  by  the  arteries  only,  for  M.  Wins- 
low  expressly  stales,  that  there  were  no  veins ;  and  however 
extraordinary  this  may  appear,  we  cannot  be  otherwise  than 
cautious  in  denying  an  observation  made  by  an  anatomist 
so  remarkable  for  his  extreme  accuracy  and  minuteness. 

Dr.  Le  Cat,  of  Rouen,  states  another  case  of  twins  f  bomt 
at  the  end  of  the  ninth  month  of  pregnane}'.  One  of  them 
was  a  well-formed  child  of  the  usual  size^  but  the  other  was 
only  twelve  inches  and  a  half  in  length.  The  head  of  the 
latter  was  very  imperfect,  and  there  was  only  a  very  minute 
portion  of  brain.  The  heart,  lunes,  liver,  stomach,  and 
spleen  were  entirely  wanting,  and  there  was  only  a  small 
portion  of  intestine.  The  arterial  system  was  perfect ;  the 
umbilical  vein  terminated  in  the  aorta,  and  the  umbilica! 
arteries  had  their  origin  from  the  internal  iliac,  as  usual. 
There  is,  however,  an  obscurity  in  the  account  of  the  circu- 
lation, as  it  is  stated  that  there  were  veins,  but  thev  were 
not  traced,  i>or  was  any  communication  made  out  between 
them  and  the  arteries,  or  the  vessels  of  the  chord. 

Dr.  Clarke  I  has  given  an  account  of  a  case,  in  which  a 
woman,  after  a  natural  labour,  was  ^delivered  of  a  healthr 
child,  and  also  of  a  substance  covered  by  common  imegu- 

*  Histoire  de  I'Jcademie  Royale  desSck'ices,  1740. 

■\  Philosophical  Transactions  tor  1767.  ^  Ibid,  for  1793. 
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ments,  of  an  oval  form,  four  inches  in  k-ngtli,  and  having  ar 
separate  navel  string  and  placenta.  In  this  substance  there 
Was  one  os  innoniinatum,  with  a  fen)ur,  til)'ia,  and  tibula. 
There  were  neithtr  brain  nor  nerves;  nor  were  there  any 
viscera,  except  a  small  portion  of  intestine.  The  umbilical 
chord  consisted  of  two  vessels,  an  artery  and  s  vein,  both 
of  which  ran\ificd  in  this  substance  and  in  the  placenta. 

In  Dr.  Hunter's  anaton}ical  collection,  there  are  two  spe- 
cimens of  monsters  born  without  hearts,  in  bf>th  of  them 
the  whole  upper  part  of  the  body  was  wanting  ;  and  ia 
neither  was  the  exact  nature  of  the  circulation  ascertained; 

In  each  of  the  instances  which  I  have  quoted,  not  only 
the  heart  was  wauling,  but  the  fcetus  in  other  respects  was 
so  imperfect,  that  it  could  not  be  eonsidortd  as  any  thing 
more  than  a  mola,  or  an  irrei>:u!arly-formed  living  mass 
connected  with  the  placenta.  In  particular,  in  all  of  them 
the  brain,  which  may  with  justice  be  considered  as  afl\)rd- 
ing  the  best  distinction  between  a  mola  and  a  fcetu?^,  was 
wanting;  whereas  in  that  which  forms  the  subject  of  the 
present  paper,  the  brain  was  nearly  as  large  as  usual,  and  in 
other  respects  the  foetus  varied  much  less  from  the  natural 
structure  than  in  any  former  instance. 

In  the  cases  already  on  record,  we  have  seen,  that  where- 
ever  the  size  of  the  monster  was  mentioned,  it  was  much 
smaller  than  a  natural  foetus.  This  would  have  led  to  the 
supposition,  that  a  circulation,  which  was  earned  on  by  the 
action  of  the  vessels  onlv,  was  incapable  of  ntauitaining  the 
natural  growth  of  a  child,  had  it  not  been  found  that  the 
foetus,  which  I  have  described,  though  the  heart  was  want- 
inf,  was  fully  equal  in  size  to  a  foetus  of  the  same  age 
which  was  possessed  of  that  organ. 

It  may  be  observed,  that  in  all  these  cases,  in  wlsich  the 
heart  was  wanting,  the  liver  was  wanting  also.  It  is  probable^ 
that  the  action  of  the  vessels  only,  without  the  assistance  of 
the  heart,  would  have  been  insufficient  to  propel  the  blood 
through  the  circulation  of  the  liver,  which  is  so  exteusive  in 
the  natural  foetus. 
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Vlir.  Geological  Olservatiojis ,  on  the  Excavations  of  Valley Sy 
the  supposed  Existence  of  numerous  hakes  at  former  Pe- 
riods tvhere  Valleys  now  exist,  which  the  Streams floiving 
throtigh  them  are  said  to  have  broken  down,  ^c. :  in  Reply 
to  Mr.  Jonyi  Carr's  Letter  in  the  last  Number,  p.  43-2. 
JBy  Mr.  John  Farey. 

To  Mr.  Tilloch, — Sir, 
Jjefoue  epithets  so  harsh,  as  '^  most  lame  and  impotent 
conclusioni"  are  applied  to  the  words  of  any  writer,  it  behoves 
him  who  uses  them,  to  endeavour  iully  to  understand  the 
words  commented  upon  ;  but  above  all,,  to  take  care  and  quote 
them  faithfully.  Having  stated,  page  2t)2  of  your  last  volume, 
that  I  had  for  weeks  and  ujonths  together,  daily  contem- 
plated valleys,  '*  wonderfully  distributed  over  the  whole  sur- 
face of  larf!;e  districts,  ctil-ciincz;  a  dcscendinc:  outlet  or  drain- 
zgQ  io  every  part  therenf :"  1  cannot  pass  over  as  immate- 
rial, the  alteration  which  Mr.  Carr  has  made  in  substituting 
*^  any"  in  place  of  the  words  "  every  part  thereof,"  when 
he  quotes  them  (at  page  452)  for  the  purpose  of  "judging" 
so  hastily  on  my  subsequent  conclusions  :  because,  by  mark- 
ing those  words  in  italics,  I  expressly  intended,  to  exclude 
and  deny  the  assumption  which  he  makes  just  after,  of  a 
succession  of  ''  alluvial^a/5,"  existing  generally  in  valleys, 
the  seats  of  a  former  chain  of  lakes  ;  the  same  having  been 
some  years  ago  the  opinion  adopted  (and  it  is  a  very  old  one, 
as  I  have  before  observed,)  by  an  able  aiid  scieiTtific  friend  of 
mine,  founded  on  the  appearances  of  the  gravel  of  one  par- 
ticular spot,  and  rocky-  chfl's  below,  in  a  long  valej  on 
which,  he  and  I  have  held  frequent  discussions,  without  anv 
conviction  being  brought  to  my  mind,  that  a  lake  ever  did 
exist  in  the  place  alluded  to,  which  is  near  to  Lcighton  Bus- 
sard  in  Bedfordshire :  the  opinion  having,  however,  been 
adopted,  in  the  instance  alluded  to,  by  one,  f,)r  whose  abili- 
ties and  talents  I  have  the  highest  respect,  the  subject  has 
constantly  recurred  to  me  since,  without  my  havino-  ever 
seen  any  case,  which  could  establish  the  probability  even, 
of  the  previous  existence  of  a  lake. 

When  I  wrote  last  from  Shctneld,  a  most  material  part. 
Vol.  34.  No.  135,  July  ISOn.  D  at 
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at  the  northern  end  of  the  district  which  I  am  surveying, 
had  not  then  been  seen  by  me  :  bnt  having  since  visited  every 
part  of  tlie  Woodlands  and  been  frequently  full  in  view  of 
the  great  town  whence  iMr.  Carr  dates  his  letters,  when  in 
the  neighbourhood  of  Ashton,  Duckenfield,  Hyde-Chapel, 
Werneih-Low,  Ecc,  I  can  now  speak  as  confidently  of  nu- 
jrerous  valleys  which  discharge  into  the  river  Mersy  con- 
taining the  "  alluvial  flats"  of  no  ancient  lakes,  as  I  can  of 
all  others  which  T  have  yet  any  where  seen. 
•  Not  having  had  an  opportunity  yet,  of  seeing  the  lake 
districts  of  Westmorland,  Cumberland,  &c.,  1  vi'ill  say 
nothing  of  existnig  lakes,  but  doubtless,  from  none  of  these 
giving  wav,  and  becoming  valleys,  common  as  Mr.  C.  sup- 
poses such  events  to  liavc  been,  the  circumstances  betwetii 
their  situation  and  ordinary  valleys^  must  be  essentially  dif- 
ferent, according  tc^  his  own  principles,  page  3S6. 

The  remark  which  I  nnde  (page  44  5)  on  the  very  incon- 
siderable quantity  of  iiatlve  or  local  alluvia,  to  be  found  on 
the  eastern  side  of  the  grand  ridge  of  the  island,  applits  with 
all  its  force  to  the  western  side  of  the  same  ridge.  Here  a 
coiisiderabic  quantity  oi' foreign  alluvial  matters  is  depo- 
sited, consisting  principally  of  a  reddish  earthy  mixture 
called  Marl*,  very  unlike  anything  which  the  strataof  these 
parts  produce,  and  containinii;  numerous  and  large  highly 
rounded  boulders  oi' granite  of  difierent  sorts,  with  other  fo- 
reign bouldcr.r,  principallv  of  a  blue  colour,  and  njost  of 
which  sceni  to  be  venigcnous  fossils,  and  not  fragmeuts  of 
any  rock,  the  graniles  excepted  :  these  too  are  as  often  lodged 
on  the  tops  of  hiiih  hills,  as  they  are'  in  the  valleys  ;  of  which 
Werneth-Lovk' near  Hyde  Chaj^cl  is  an  instance,  the  very 
top  of  which  hill  exhibits  numerous  and  very  large  ancient 
pits,  whence  our  forefathers  took  this  foreign  alluvia  for 
marling  of  their  lands. 

At  Hyde  Lane,  which  is  but  a  sliort  ride  from  Manches- 
ter, Mr.  Carr  mav  have  the  opportunity  of  seeing,  perhaps, 
the  iinest  instance  of  an  excavated  valley,  (Godley  Brook,) 
and  of  a  denudated  surface,  which  is  any  where  to  be  seen 

*  Which  see0;s  the  sHmc  as  sir  John  Staulev  h'^t  icscribed,  in  K.  Holland's 
Agncu'turjl  Reptrt  en  CiiC:I::rc,.  p.  jID. 
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in  these  parts  :  the  Coal  Measures,  consisting  of  a  continual 
alternation  of  hard  and  soft  strata  250  or  300  yards  thick, 
are  there  seen  dipping  Vv".,  1  yard  in  ly  yard;  through  all 
of  which  strata  a  vale  is  excavated  ;  while  the  surface  of  the 
country  is  denudated  almost  to  a  level,  and  exhibits  but  the 
faintest  tablets  (page  262)  of  the  hard  rocks  ;  whose  edges 
must  once  have  stuck  up  in  friyjtitful  confusion,  and  whote 
Several  beds  are  now  so  strikingly  visible  in  Godle)?"  Brook* 
course,  and  in  the  shafts  of  ihe  coal-mines  adjoining. 

*'  Before  further  committing  himself,"  in  "  this  departure 
from  Nature,  by  an  assumption  of  extinct  or  imaginary  " 
lakes,  it  will  be  veil  for  Mr.  Carr  to  view  the  vale  I  have 
mentioned,  and  as  many  others  as  he  pleases,  to  the  east 
and  south-east  of  it,  and  to  endeavour  to  trace  and  particu- 
larize ihe  places,  where  lakes  have  existed  therein,  so  that 
I  can  refer  to  the  spots  on  my  Map.  in  which  case,  I  doubt 
not  of  being  able  at  any  time  to  reply  to  him,  from  the  mi- 
nutes and  specim.ens  which  I  have  preserved,  relative  to  the 
strata,  hills  and  valleys  of  that  part  of  my  survey  :  and  I 
pledge  myself  so  to  do:  especially  if  he  complies  with  my 
former  request  (page  445)  of  informing  us,  Where  the  exca- 
vated matters  of  the  whole  or  of  any  material  parts  of  the 
vales  in  question  have  been  deposited  ?  as  the  ♦*  alluvial 
flats"  thereof,  "which  have  formed  the  bottoms  of  tlie 
lakes,  and  which  have  been  brought  down  from  the  detritus 
of  the  valley  above,"  (page  455)  ought  to  furnish  hint  with 
the  ready  means  of  doing,  unless,  indeed,  he  has  been  **  in- 
dulging himself  in  tiie  creation  of  hypothetical  phantoms." 

The  supposition,  *'  that  the  several  ranges  of  valleys  have 
been  purposely  and  specially  fonned  for  the  streams  which 
now  flow  though  them,"  is  so  far  from  being  "  too  absurd 
to  merit  a  moment's  attention,"  that  I  feel  proud  to  repeat, 
that  it  has  enfi^ao-cd  njuch  of  mv  attention,  and  shall  con- 
linue  so  to  do,  as  long  as  I  continue  to  find  excavated  slopes 
of  valleys,  oriiiinating  on  the  summits  of  very  high  hills, 
both  at  the  heads  and  on  the  sides  of  such  valleys,  and  where 
none  of  the  "'  spring-heads,"  on  which  Mr.  C.  lays  so  much 
stress,  are  to  be  found,  and  even  where  none  ever  did  or  can 
.:-;!,  on  account  of  the  open  nature  of  the  hard  rocks,  in 
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which  the  vales  arc  excavated;  of  which  ihe  nwmerous  and 
highly  curious  deep  dry  vales,  branching  from  the  Dove  and 
Wye  rivers  in  Derbyshire,  are  well  known  examples. 

It  is  by  no  means  a  general  truth,  that  if  the  matters  ex-^ 
cavated  from  the  strata  to  form  valleys  were  replaced  (page 
454),  "  there  would  still  be  a  sufficient  fall  in  the  country 
tor  the  streams  to  flow  the  same  ivay :"  the  instances  are 
very  numerous  to  the  contrary.  If,  for  instance,  Mr.  C. 
will  take  the  trouble,  to  inspect  the  course  of  the  Goyle  ri- 
vers on  the  S.W.  of  New-Mills  in  Glossop,  of  the  Derwent 
river  on  the  S.W.  of  Matlock  church,  and  many  others,  he 
will  be  forced  also  to  admit,  that  excavated  vales  do  not  al- 
ways follow  the  lowest  ground. 

It  is  neither  true,  that  "  w  every  instance  the  angle  of  in- 
tersection of  valleys  and  streams  is  acute  above  and  obtuse 
below;"  nor  that  "two  streams  invariahly  meet  on  pre- 
ciselv  the  same  level :"  the  exceptions  are  numerous  to  both 
of  these  positions,  unless  indeed,  some  quibble  or  play  upon 
the  words  be  intended  therein. 

Since,  sir,  Mr,  Carr  and  myself  are  at  issue,  upon  so 
riiany  of  i\\Q  facts  respecting  valleys,  particularly  that,  where 
he  says  (paire  457)  "  a  proper  examination  of  the  soil  be- 
low every  valley  will  discover  the  very  materials  formerly 
brought  down  when  the  valley  was  excavating,"  it  might 
appear  as  invidious  as  it  is  at  present  unnecessary,  for  rae 
to  enter  into  anv  examination  of  the  defective  reasonings, 
as  I  conceive  them  to  be  on  some  of  the  assumptions  made 
by  Mr.  C. 

I  must,  however,  before  I  conclude,  express  my  surprise, 
that  a  person  who  thought  himself  justified,  in  a  competent 
knowledge  of  the  facts  respecting  valleys,  to  write  thus  con- 
■fidenthjy  should  havt-  forgot,  and  not  once  have  mentioned 
the  faults  or  fissures,  ^o  universally  met  with  in  the  strata, 
tfffecting  their  entire  separation  into  fragments,  and  causing 
those  great  disarrangements  of  the  several  pieces  or  piles  of 
strata,  both  as  to  their  elevations  and  inclinations,  which  are 
conmionly  seen,  since,  the  forms  of  valleys  as  well  as  hills, 
and  of  the  surface  in  general,  so  eminently  depend  on  them 
in  m€St  instances,  but  not  perhaps  in  all. 

The 
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riie  Map  ibat  I  am  preparing^  which  traces  every  stream 
<ind  vale  up  to  its  very  origin,  aixl  shows  its  connection  with 
ttie  hard  and  soft,  and  porous  and  water-tight  strata,  and 
v.ith  the  principal  fau'lts  and  tilts  ut"  the  same,  in  its  vici- 
nity, will,  as  I  trust,  somewhat  elucidate  this  ditlicult  sub- 
ject: on  which  I  much  wish  to  hear  the  observations  of 
others  of  your  able  correspondents,  and  am, 

Sir,  your  obedient  humble  servant. 

Ram's  Head  Inn,  Dkley,  Cheshire,  JOHX  FaREY. 

July  15,  1809, 

%•  In  CHir  last  vol.  p.  263,  line  1,  the  lasts  to  should  have  been  the  bassets 
o/ three  or  fourdifFerent  strata  &c.  Basse',  crap,  &c.,  are  mining  terms  for 
the  out-burst  or  appearance  of  a  stratum  on  the  surface. 

IX.  A  numerical  Tahle  of  elective  Atiraction>  ;  uiih  Re- 
marks on  the  Sequences  of  double  Derompositions.  By 
Thomas  Young,  M.D.  For.  Sec.  R.S.'^ 

Attempts  have  been  made,  by  several  chemists,  to  obtain 
a  series  of  numbers,  capable  of  representing  the  mutual  at- 
tractive forces  of  the  component  parts  of  diflercnt  salts  j  but 
these  attempts  have  hitherto  been  confined  within  narrow 
limits,  and  have  indeed  been  so  hastily  abandoned,  that  some 
fcry  important  consequences,  which  necessarily  follow  from 
the  general  principle  of  a  numerical  representation,  appear  to 
have  been  entirely  overlooked.  It  is  not  impossible,  t^at  there 
may  be  some  cases,  in  which  the  presence  of  a  fourth  sub- 
stance, besides  the  two  ingredients  of  the  salt,  and  the  me- 
dium in  which  they  are  dissolved,  may  influence  the  precise 
force  of  their  mutual  attraction,  either  by  affecting  the  solu- 
bility of  the  salt,  or  by  some  other  unkno  vn  means,  so  that 
the  number,  naturally  appropriate  to  the  combination,  may 
no  longer  correspond  to  its  affections;  but  there  is  reason  to 
think  that  such  cases  arc  rare ;  and  when  they  occur,  they 
may  easily  be  noticed  as  exceptions  to  Uie  general  rules.  It 
appears,  therefore,  that  nearly  all  the  phenomena  of  the 
mutual  actions  of  a  hundred  different  salts  mav  be  correctly 
represented  by  a  hundred  numbers,  while,  in  the  usual 
•  From  Philosophical  Transactions  for  1809,  Pan  I. 
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manner  of  relating  everv  case  as  a  different  experiment, 
above  two  thousand  separate  articles  would  be  required. 

Having  been  eng:a2;ed  in  the  collection  of  a  few  of  the 
princijial  facts  relating  to  cheniistry  and  pharmacy,  I  was 
induced  to  attempt  the  investigation  of  a  series  of  these 
numbers;  and  I  have  succeeded,  not  without  some  diffi- 
culty, in  obtaiiiing  such  as  appear  to  agree  sufficiently  well 
with  all  the  cases  of  double  decompositions  which  are  fully 
established,  the  exceptions  not  exceeding  twenty,  out  of 
about  twelve  hundred  cases  enumerated  by  Fourcroy.  The 
same  numbers  agree  in  general  with  the;  order  of  simple 
elective  attractions,  as  usually  laid  down  by  chemical  au- 
thors ;  but  it  was  of  so  much  less  importance  to  accommo- 
date them  to  these,  that  I  have  not  been  verv  solicitous  to 
avoid  a  few  incoasisiencies  in  this  respect,  especially  as 
many  of  the  bases  of  the  calculaticm  remain  uncertain,  and 
as  the  common  tables  of  simple  elective  attractions  are  cer- 
tainly imperfect,  if  thev  are  considered  as  indicating  the 
order  of  the  independent  attractive  forces  of  the  substances 
concerned.  Although  it  cannot  be  expected  that  these  num- 
bers should  be  accurate  measures  of  the  forces  which  they 
represent,  yet  they  may  be  supposed  to  be  tolerable  approxi- 
mations to  such  measures;  at  least,  if  any  two  of  them  are 
nearly  in  the  true  proportion,  it  is  probable  that  the  rest 
cannot  Jfeviafe  very  far  from  it:  thus,  if  the  attractive  force 
of  the  phosphoric  acid  for  potash  is  about  eight  tenths  of 
that  of  the  sulfuric  acid  of  barita,  that  of  the  phosphoric 
acid  for  barita  must  be  about  nine  tenths  as  great  j  but  they 
are  calculated  only  to  agree  with  a  certain  number  of  phae- 
nomena,  and  will  probably  require  many  alterations,  as  well 
as  additions,  when  all  other  similar  phasuomena  shall  have 
been  accurately  investigated. 

There  is,  however,  a  method  of  representing  the  facts, 
which  have  served  as  the  bases  of  the  determination,  inde- 
pendently of  any  hvpothesis,  and  without  being  liable  to  the 
contingent  necessity  of  any  future  alteration,  in  order  to 
make  room  for  the  introduction  of  the  affections  of  other 
substances ;  and  this  methoid  enables   us  also  to  compare, 
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ypon  general  principles,  a  multitude  of  scattered  pb^jio- 
niena,  and  to  reject  many  which  have  been  mentioned  as 
probable,  though  doubtful,  with  the  omission  of  a  very  few 
only  which  have  been  stated  as  ascertained.  This  arrange- 
ment simply  depends  on  the  supposition,  that  the  attraciive 
force,  which  tends  to  unite  any  two  substances,  njay  always 
be  represented  by  a  certain  constant  quantity. 

From  this  principle  it  may  be  inferred,  in  the  first  place, 
that  there  must  be  a  sequence  in  the  simple  elective  aitrac- 
tJons.  For  example,  there  must  be  an  error  in  the  common 
tables  of  elective  attractions,  in  which  magnesia  stands  above 
ammonia  under  the  sulfuric  acid,  and  below  it  under  the 
phosphoric,  and  the  phosphoric  acid  stands  above  the  sul- 
furic under  magnesia,  and  bslow  it  imder  ammonia,  since 
such  an  arrangement  i.mplies,  that  the  order  of  the  attrac- 
tive forces  is  this ;  phosphate  of  magnesia,  suliate  of  mag- 
nesia, sulfate  of  ammonia,  phosphate  of  annnonia,  and 
aoaiu  phosphate  of  magnesia;  which  forms  a  circle,  and 
not  a  sequence.  We  must  therefore  either  place  magnesia 
above  ammonia  under  the  phosphoric  acid,  or  the  phos- 
phoric acid  below  the  sulfuric  under  magnesia;  or  we 
must  abandon  the  principle  of  a  numerical  representation  in 
this  particular  case. 

In  the  second  place,  there  must  be  an  agreement  between 
the  simple  and  double  elective  attractions.  Thus,  if  the 
Buoric  acid  stands  above  the  nitric  under  barita,  and  below 
it  under  lime,  the  finate  of  barita  cannot  decompose  the  ni- 
trate of  lime,  since  the  previous  attractions  of  these  two 
salts  are  respectively  greater,  than  the  divellent  attractions 
of  the  nitrate  of  barita  and  the  fluate  of  lime.  Probablv, 
therefore,  we  ought  to  place  the  fluoric  acid  below  the  uitric 
under  barita;  and  we  may  suppose,  that  when  the  fluoric 
acid  has  appeared  to  form  a  precipitate  with  the  nitrate  of 
barita,  there  has  been  some  fallacy  in  the  experiment. 

The  third  proposition  is  somewhat  less  obvious,  but  per- 
haps of  greater  utility  :  there  must  be  a  continued  sequence 
in  the  order  of  double  elective  attractions  ;  that  is,  between 
any  two  acids,  we  may  place  the  ditierent  bases  in  such. an 
order,  that  any  two  salts,  resulting  from  their  ur.io.j,  shalt 
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always  decompose  each  other,  unless  each  acid  be  united  to 
the  base  nearest  to  it:   for  example,  sulfuric  acid,  barita, 
potass,  soda,  ammonia,  strontia,  magnesia,  glycina,  alumina, 
zirconia,  lime,  phosphouic  acid.     The  sulfate  of  potass  de- 
composes the  phosphate  of  barita,  because  the  difference  of 
the   attractions    of  barita  for   the   sulfuric  and  phosphoric 
acids  is  greater  than  the  difference  of  the  similar  attractions 
of  potass  ;  and  m  the  same  manner  the  difference  of  the  at- 
tractions of  potass  is  greater  than  that  of  the  attractions  of 
aoda;  consequently  the  diff<:rence  of  the  attractions  of  barita 
must  be  much  greater  than  that  of  the  attractions  of  soda, 
and  the  sulfate  of  soda  must  decompose  the  phosphate  of 
barita :  and  in  the  same  manner  it  may  be  shown,  that  each 
base  must  preserve  its  relations  of  priority  or  posteriority  to 
ex'ery  other  in  the  series.  It  is  also  obvious  that,  for  similar 
reasons,  the  acids  may  be  arranged  in  a  continued  sequence 
between  the  different  bases ;  and  when  all  the  decomposi- 
tions of  a  certain  number  of  salts  have  been  investigated,  we 
may  form  two  corresponding  tables,  one  of  the  sequences  of 
the  bases  with  the  acids,  and  another  of  those  of  the  acids 
with  the  different  bases  ;  and  if  either  or  both  of  the  tables 
are  imperiect,  their  deficiencies  may  often  be  supplied,  and 
their  errors  corrected,  by  a  repeated  coinparison  with  each 
other. 

In  forming  tables  of  this  kind  from  the  cases  collected  by 
Fourcroy,  I  have  been  obliged  to  reject  some  facts,  which 
were  evidently  contradictory  to  others,  and  these  I  have  not 
thought  it  necessary  to  mention  :  a  few,  which  are  positively 
related,  and  which  are  only  inconsistent  with  the  principle 
of  numerical  representation,  I  have  mentioned  in  notes ;  but 
riiany  others,  which  have  been  stated  as  merely  probable,  I 
have  omitted  without  any  notice.  In  the  table  of  simple 
elective  attractions,  I  have  retained  the  usual  order  of  the 
different  substances;  insertmg  again  in  parentheses  such  of 
them  as  require  to  be  tianspostd,  in  order  to  avoid  inconse- 
quences in  the  simple  atiractions :  I  have  attached  to  each 
combination  marked  with  an  asterisc  the  number  deduced 
from  the  double  decompositions,  as  expressive  of  its  attrac- 
.    tive  force  3  and  where  the  number  is  inconsistent  with  the 
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corrected  order  of  the  simple  elective  attractions,  1  have  a!so 
inclosed  it  in  a  parenthesis.  Such  an  apparent  incnnsistencv 
may  perhaps  in  some  cases  be  unavoidable,  as  it  is  possible 
that  the  different  proportions  of  the  masses  concerned,  in 
the  operations  of  simple  and  compound  decompo>ition,  may 
sometimes  cause  a  real  difference  in  the  comparative  magni- 
tude of  the  attractive  forces.     Those  numbers,  tn  which  no 
asterisc  is  affixed,  are  merely  inserted  by  interpolation,  and 
they  can  only  be  so  far  employed  for  determining  the  mutual 
actions   of  the   salts   to  which  they   belong,  as  the  results 
which  they  indicate  would   follow  from  the  comparison  of 
any  other  numbers,  intermediate   to  the   nearest  of  those, 
which  are  more  correctly  determined.     I  have  iiot  been  able 
to  obtain  a  sufficient  number  of  facts  relating  to  the  me- 
tallic salts,  to  enable  me  to  comprehend  many  of  them  in 
the  tables. 

It  has  been  usual  to  distinguish  the  attractions,  which  pro- 
duce the  double  decompositions  of  salts,  into  necessary  and 
superfluous  attractions  ;  but  the  distinction  is  neither  very 
accurate,  nor  very  important :  they  might  be  still  further 
divided,  accordingly  as  two,  three,  or  the  whole  of  the  four 
ingredients  concerned  are  capable  of  simply  decomposing 
the  salt  in  which  they  are  not  contained  ;  and  if  two,  ac- 
cordingly as  they  are  previously  united  or  separate;  such 
divisions  would  however  merely  tend  to  divert  the  attention 
fropj  the  natural  operation  of  the  joint  forces  concerned. 

It  appears  to  be  not  improbable,  that  the  attractive  force 
of  any  two  substances  might,  in  many  cases,  be  expressed 
by  the  quotient  of  two  numbers  appropriate  to  the  substances, 
or  rather  by  the  excess  of  that  quotient  above  unity;  thu* 
the  attractive  force  of  many  of  the  acids  for  the  three  prin- 
cipal alkalies  might  probably  be  correctly  represented  in  this 
nianner  ;  and  w4iere  the   order  of  attractions  is  different, 
perhaps  the  addition  of  a  second,  or  of  a  second  and  third 
quotient,  derived  from  a  different  series  of  numbers,  \^ould 
afford  an  accurate  determination  of  the  relative  force  of  at- 
traction, which   would   always   be  the  weaker,  as  the  two 
substances  concerned  stood  nearer  to  each  other  in  these 
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orders  of  numbers  ;  so  that,  by  affixing,  to  each  simple  sub- 
stance, two,  three,  or  at  most  four  numbers  only,  its  at- 
tractive powers  might  be  expressed  in  the  shortest  and  most 
general  manner. 

I  have  thought  it  necessary  to  make  some  alterations  in  the 
orthography  generally  adopted  by  chemists,  not  from  a  want 
of  deference  to  their  individual  authority,  but  because  it  ap* 
pears  to  me  that  there  are  certain  rules  of  etymology,  which 
no  modern  author  has  a  right  to  set  aside.  According  to  the 
orthography  universally  established  throughout  the  language, 
without  any  material  exceptions,  our  mode  of  writing  Greek 
words  is  always  borrowed  from  the  Romans,  whose  alphabet 
we  have  adopted  ;  thus  the  Greek  vowel  T,  when  alone,  is 
always  expressed  in  Latin  and  in  English  by  Y,  and  the 
Greek  diphthong  OT  by  U,  the  Romans  having  no  such  di- 
phthong as  OUorOY.  The  French  have  sometimes  deviated 
from  this  rule;  and  if  it  were  excusable  for  any,  it  would  be 
for  them,  since  their  w  and  ou  are  pronounced  exactly  as  the 
Y  and  OT  of  the  Greeks  probably  were  :  but  we  have  no  such 
excuse.  Thus  the  French  have  used  the  term  acoustique, 
which  someEnglish  authors  have  converted  into  '^acoustics j" 
our  anatomists,  however,  speak,  much  more  correctly,  of 
the  "  acustic"  nerve.  Instead  of  gluclne,  we  ought  cer- 
tainly, for  a  similar  reason,  to  write  glycine  ;  or  glycina,  if 
the  names  of  the  earths  are  to  end  in  a.  Barytes,  as  a  single 
Greek  word,  means  weight,  and  must  be  pronounced  ba- 
rytes; but  as  the  name  of  a  styne,  accented  on  the  second 
syllable,  it  must  be  written  barites ;  and  the  pure  earth  may 
properly  be  called  barita.  Yttria  I  have  altered  to  itria,  be- 
cause no  Latin  word  beojins  with  a  Y. 
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MTRTC 

ACID. 

NITRIC  AND  MURIATIC  ACIDS. 

Barita 

Polass 

Barita 

Potass 

Barita  (10) 

Potass 

Potass 

Soda 

Potass 

Soda 

Polass 

Soda 

Soda 

Ammonia 

vSoda 

Ammonia 

Soda 

Barita  (10) 

Strontia 

Magnesia 

Ammonia 

Masrncsia 

Ajiimonia 

Ammonia  (T,1I) 

liime 

Glycina 

Magnesia 

Glyciaa 

Magrnesia 

Magi  •,ia  (1) 

Magnesia  (T) 

Alumina 

Glycina 

Alumina 

Glyrina 

Strontia 

AHimonia  (1) 

Zirconia  (8) 

Alumina 

Zirconia 

Alumina 

Lime 

eiyciua 

Barita 

Zirconia 

Barita 

Zirconia 

Glycina 

Alumina 

Sfrontia 

Strontia  (9) 

Strontia 

Strontia 

Alumina 

Zirc  "lia 

Lime 

Lime 

Lime 

Lime 

Zirconia 

MUBIATIC 

Phosphoric 

Fi^uoiuc 

SuLfUROUS 

BOBACIC 

Carbonic 

(T)  A  triple  salt  is  former!.  (8)  Fourcroy  says,  that  the  muriate  of  zirconia  de- 
compos-es  the  p'«  3j>hat«s  of  barita  and  strontia.  (9)  According  to  Fourcroy's  account^ 
the  fluiitr  of  cU"ontia  decomposes  the  muriates  of  ammonia,  and  of  all  the  bases  below 
K ;  but  he  says  ia  another  part  of  the  same  volume,  that  the  fluate  of  strontia  is  an 
unknown  salt.  (10)  According  to  Fourcroy"s  account  of  those  combinations,  barita 
should  stand  immediately  btlow  ammonia  in  both  of  these  columns.  (11)  With  heat,, 
the  carbonate  of  lime  deconiposes  the  muriate  of  ammonia. 


PHOSPHORIC  ACID. 


Barita 

liime 

Potass 

Soda 

Strontia 

Magnesia 

Ammonia 

GKcina 

Alumina 

Zirconia 

FtVORIC 


Lime 
Barita 

Potass 

Soda 

Strontia 

Magnesia 

Ammonia 

Glycina 

Alumina 

Zirconia 

StLFUROUS 


Barita 

Lime 
Potass 
Soda 
Strontia 
Ammonia  (12 
Magncbia 
.  Glycina 
A  lumina 
Zirconia 

BORACIC 


Potass 

Soda 

Bwita 

Lime  (13) 

Strontia 

Ammonia 

Magnesia 

Glycina 

Alumina 

Zirconia 

Carbonic 


Barita 

Lime 

Potass 

Soda 

Strontia 

Magnesia 

Glycina  ? 

Alumina 

Zirconia 

(Phosphorous) 


(12)  According  to  Fourcroy,  the  phosphate  of  ammonia  decomposes  the  borate  of 
magnesia.  (13)  Fourcroy  says,  that  the  carbonate  of  lime  decomposes  the  phospha^'-" 
of  pcrtass  and  of  soda. 


Lime 

Potass 

Soda 

Magnesia 

Ammonia 

Glycina 

Alumina 

Zirconia 

Strontia 

Barita 

SuLFUROfS 


FLUORIC  ACID. 

Lime 

Barita 

Strontia 

Potass 

Soda 

Ammonia 

Magnesia 

Glycina 

Alumina 

Zirconia 

BORACIC 


Potass 

Soda 

Lime 

Barita 

Strontia 

Ammonia  (14) 

Magnesia 

Glycina 

Alumina 

Zirconia 

Cahbcnic 


(14)  According  to  Fourcroy,  the  carbonate  of  ammoiiia  dpcompo^es  the  fluatei  »t 
barita  and  strontia. 
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SLLFUI 

lOUS  ACID. 

BORACIC  ACIS. 

Barita 

Potass 

Lime 

Zirconia 

Potass 

Stroutia 

Soda 

Stiontia 

Alumina 

Soda 

Potass 

Barita  (IS) 

Barita 

Glycina 

Lime 

Suda 

Stiontia 

Zirconia 

Ammonia 

Barita 

Auimonia 

Ammouia 

Alumina 

Magnesia 

Stroutia 

Mag-nesia 

Lime 

Glycina 

Stroutia 

Magnesia 

Lime 

Mag-nesia 

Mag-aesia 

Soda 

Ammonia 

Glycina 

Gtjciaa 

Ammonia 

Potass 

Glycina 

Alumina 

Alumina 

Swia 

Barita 

Alumina 

Zircouia 

Zircouia 

Potass 

Lime 

Zircoaia 

BoaACic 

Cakbomc 

(Nirnois) 

(PHosFHoaors 

:)           Cabbojoc 

(15)  Fourcroy  sa^s,  that  the  sulfite  of  barita  decomposes  the  carbonate  of  ammoaia. 


Table  of  tlie  Sequences  of  the  Acids  with  different  Bases, 


BARITA. 


STROXTIA. 


Sulfuric        S     C     S 

Nitric  N    S     P 

Muriatic       M    P  SS 

Phosphoric  SS  SS  >'   j  SS  P     F 

Solliirous 

Fluoric 

Boracic 

Carbonic 

STROJirLi 


LI  MI 


S     C     S     P     S   |C 
N    SS  P     S     P     P 

M    F     SS  SS  SS:F 


P  P 

F  F 

B  B 

F     F   IB     S'S  C 

P    N  M  i  C     B     B     B     B     SS  S  SS  B 

C    M    F  {  B     S     C     C     N  I S     C  S     N 

B    F    B   i  F    M    X    N    M  ;  .M   N  N    M 

F    B    C    j  P     N    M    M    C   i  N    M  M    C 

IJI    Pr    MG    LJI    PT    SG  iM  CL  '  HT    JIG  AM   GL 
SD   A  U  SD  Al  '  SO 


'  Potass 

I  Soda 

P    j  Mag.v.  =  Ajim. 

F    :  Glycina 

SS  [  Alimixa 

S    j  ZmcosiA 

Each  with  every 
-Tibsequent  hnse 
in  tju=  order 


AL 


zn 


zn 


L 


MAG- 

NESIA 

's 

B 

>' 

C 

M 

P 

P 

F 

F 

ij& 

SS 

8 

E 

y 

C 

a 

The  comparative  use  of  this  table  may  be  understood  from 
an  example :  If  we  suppose  that  the  nitrate  of  barita  decom- 
poses the  borate  of  ammonia,  we  must  place  the  boracic 
acid  above  the  nitric,  between  barita  and  ammonia  iu  this 
table,  and  consequently  barita  below  ammonia,  between  the 
fluoric  and  boracic  in  the  former  :  hence  the  boracic  and 
fluoric  acids  must  also  be  transposed  between  barita  and 
struntia,  and  between  barita  and  potass;  or  if  we  place  the 
fluoric  still  higher  than  the  boracic  in  the  first  instance,  we 
must  place  barita  be'.ow  ammonia  between  the  nitric  an4 
duoric  acids,  where  indeed  it  is  not  impossible  that  it  ousht 
to  stand. 
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Numerical  Table  of  elective  Attractions, 


BabiTjI. 

Strontli. 

Potass. 

Soda. 

LiMt 

Sulfuric  acid 

1000* 

Sulfuric  acid 

903' 

Sulfuric  acid 

Oxalic  acid 

9.-|0 

Oxalic 

SiO 

Piiosphovic 

&'>-,' 

&94' 

685' 

Sulfuric 

868* 

Succinic 

9J0 

Oxalic 

S.'5 

Nitric 

S12»  804' 

Tartaric 

867 

Fluoric 

Tartaric 

7:.7 

Muriatic 

b04" 

79?' 

Succinic 

666 

Phosphoric 

90C' 

riuoiic 

PhosyhoriC  801' 

=  795* 

Pho.«ji)ioric 

865* 

Ulucic 

onn 

^'itric 

754' 

Subei-ic  i 

745 

^40 

Mucic 

860 

Nit.-ic 

849* 

Muriatic 

74S* 

Fluoric 

671" 

666« 

Nitric 

741* 

Muriatic 

810* 

(Succinic) 

740 

Oxalic 

650 

G45 

Bluriatie 

736* 

Suberic 

800 

(Fluoric) 

703* 

Tartaric 

616 

611 

Suberic 

735 

Citric 

Succinic 

Arernic 

614 

«;n9 

Fluoric 

734* 

Tartaric 

760 

Citric? 

61S 

Succinic 

612 

CO  7 

Arsenic 

733* 

Arsenic 

iM 

Ixictio 

603 

Citric 

610 

605 

Lor  He 

732 

<Citric) 

fso 

Sulfurous      ' 

Ss?» 

Lactic 

G09 

604 

Citric 

731 

tactic 

7-J9 

Acetic 

Benzoic 

60S 

603 

Malic 

700 

(Fluoric) 

',(16* 

Arsenic 

(733^1 

1  Sult'urous 

4t>S' 

■  4fc4* 

Benzoic 

690 

Benzoic 

507 

Boracic 

513* 

AcciiC 

486 

462 

Jcctic 

Acetic 

594- 

(Acetic) 

480 

Mucic 

4S4 

460 

Boracic 

637* 

Boracic                ' 

(il.S)' 

Nitrous  ? 

430 

Borrcic 

tvi* 

■  4:9' 

Sulfut'ous 

61G* 

Snifurou* 

503  » 

Carboruc 

413* 

Nitrous 

110 

437 

(Acetic) 

470 

■Nitrous 

450 

Carbonic 

300- 

304' 

Nitrous 

425 

Carbonic 

4v;o* 

Prussic 

300 

298 

Carboric 
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X»    On  Crysiallography.    Bij  M.  Uauy,    Translated  front 
the  last  Paris  Edition  of  Ids  Traite  de  Mincralogie*.- 

ADVERTISEMENT. 

Of  the  Synonymies  employed  in  the  following  Treatise j  and 
oilier  Objects  of  Detail. 

Oi'NONYMiES  are  as  it  were  rallying  points  between  the  va- 
rious authors  who  write  upon  one  and  the  same  natural  sci- 
ence, I  am  fully  aware  how  indispensable  it  is  to  attend  to 
them,  particularly  in  a  work  containing  a  certain  number  of 
new  denominations.  My  greatest  difficulty  was  to  procure 
names,  which  in  the  German  language  correspond  with 
those  by  which  we  designate  the  different  mineral  species. 
M.  Leopold  de  Buch,  a  mineralogist  of  deserved  celebrity, 
was  kind  enough,  during  his  stay  in  Paris,  to  visit  the  cabinet 
of  theSchool  ofMines,  and  to  arrange  and  ticket  a  collectionof 
specimei;s,  according  to  the  method  of  the  celebrated  Werner. 

The  figureshave  been  traced  by  the  method  of  projections, 
supposino  the  points  of  view  to  be  removed  ad  irifinitnm^ 
The  full  lines  represent  the  ridges  situated  in  the  part  of  the 
solid,  which  will  be  turned  towards  the  observer  if  he  sees 
it  in  the  position  to  which  the  projection  refers :  the  punc- 
tured lines  represent  the  ridges  situated  in  the  opposite  part, 
or  that  which  an  observer  could  not  see,  unless  the  solid  was 
diaphanous. 

tn  the  fioures  relating  to  geometrical  constructions,  we 
have  represented  the  dingonal  and  other  lines  as  lying  upon 
the  faces  of  the  solid,  by  suites  of  partial  lines  which  leave 
small  empty  spaces  between  them:  vide  mr,  cm^  cr, 
(fig.  4,)  Plate IX t,  and  Zr  or,  ad,  Iffg.fs,  (fig.  9,)  H'id.; 
and  we  have  represented  the  axes  and  other  lines  which  tra- 
verse the  solid,  as  well  as  those  which  arc  external,  so  far  as 

*  In  compliance  with  the  wishes  of  m:iny  of  our  scientific  readers,  we  in- 
tend to  present  the  public  with  a  translation  of  the  first  volume  of  M.  Hauy's 
celebrated  work  on  Mineralog)',  being  that  which  contains  his  Crystallo- 
graphv.     The  Introduction  was  given  in  our  last  volume. 

•»-  Besides  the  usual  Numbers  on  the  plates,  for  reference  in  our  own  vo- 
lumes, we  shall  preserve,  on  those  which  relate  to  Crystallography,  M.  Kauy's 
order  of  numeration,  to  prevent  confusion. 

it 
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it  is  concerned,  by  a  series  of  partial  lines,  with  interrnediate 
points,  videc^,  (fig.  9,)  Pbte  IX.,  and  IVI  R,  CM,  CK, 
(fig.  4,)  ihid.  We  should  remark  upon  tl^is  same  figure, 
thit  the  upper  parts  of  the  lines  M^,  R?^,  \vhieh  are  situated 
ill  the  space,  are  assemblages  of  partial  lines  intcr-:persed 
nith  points,  while  their  hnver  parts,  applied  upon  the  surface 
of  the  solid,  are  composed  of  partial  lines  without  intermC''' 
diate  points.  This  distribution,  forthc  happy  idea  of  which 
Ave  are  indebted  to  ]\L  Tiemery,  mimng  engineer,  uill  assist 
the  reader  in  finding  his  way  in  the  assortment  of  lines  with 
which  projections  are  complicated,  by  enabling  him  IT)  seize 
at  the  first  glance  the  various  functions  of  these  luies. 

In  indicaiincr  the  measures  of  angles  relative  to  each  va- 
riety of  crystalline  form,  I  shall  n(U  repeat  those  which, 
being  common  to  it  with  other  varieties  fornlerly  described, 
are  already  indicated  by  the  latter.  It  wiH  be  easy  to  re- 
coenise  them  from  the  conformity  of  the  letters,  which'upon 
the  dit?"crei:t  figures  designate  the  faces  similarly  situated. 

GKNERAL  IDEA  OP   MINERALS. 

The<narne  of  minerals  has  been  sriven  to  bodies  whichj 
being  placed  on  the  surface  or  in  the  bowels  of  the  terrestrial 
globe,  are  devoid  of  organization,  and  only  present  assem- 
blages of  similar  molecules  united  to  each  other  by  a  power 
called  affjutij. 

Of  this  number  are  flints,  rubies,  diamonds,  gold,  silver, 
iron,  &c.  Mineralogy  is  the  name  of  the  science  which 
makes  us  acquainted  with  all  these  difi'erent  bodies. 

The  general  classification  of  the  bodies  which  the  stndv^ 
of  natural  history  embraces,  considered  on  a  grand  scale,  may 
be  referred  to  two  terms  of  comparison,  which  are  life  and 
spontaneous  motion.  From  their  union  the  distinctive  cha- 
tacter  of  animals  is  formed :  plants  live,  and  yet  cannot 
move  spontaneously  :  minerals  are  deprived  of  both  facukics. 
Ivlan,  v»ho  is  alone  c.tpable  of  studying  Nature,  tov\ers 
aV)ove  all  the  beings  around  him,  in  point  of  intelligence  and 
reason. 

The  three  grand  classes  of  which  we  are  about  to  treat, 
v^ith  the  help  of  an  ulterior  and  more  comprehensive  view, 
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may  be  reduced  to  two  5  one  of  which  includes  animals  and 
ve^eiables  under  the'  common  name  of  ornanic  beings^  and 
the  other  comprehends  minerals,  or  inorganic  beings*. 

The  manner  in  which  the  beings  grow  or  are  produced, 
which  are  comprised  within  these  two  great  divisions,  pre- 
sents ihe  most  striking  diflerence  by  which  they  can  be  di- 
stin2;uished.  In  animals  and  plants  their  growth  takes  place 
by  the  simultaneous  development  of  all  the  parts  of  the  in- 
dividual, in  consequence  of  the  nourishment  received  by  the 
organs  destined  to  elaborate  it.  Every  thing  which, contri- 
butes to  the  increase  of  volume  is  the  effect  of  internal  me- 
chanism ;  or,  if  new  parts  be  formed  externally,  as  in  trees 
which  send  out  branches  and  leaves,  these  parts  are  only 
productions  of  the  peculiar  substance  of  the  individuals, 
which,  assisted  by  the  action  of  the  nutritive  juices,  are  de- 
veloped in  the  same  way.  In  minerals,  on  the  contrary,  the 
increase  in  volume  takes  place  by  an  addition  of  new  mole- 
cules, which  are  applied  to  the  surface  of  the  body,  in  such 
a  way  that  every  thing  which  existed  at  each  period  of  growth, 
remaining  fixed,  presents,  on  all  sides  a  basis,  as  it  were,  for 
the  materials  which  arrive  for  continuing  the  edifice.     On 

*  We  find  in  the  bowels  of  the  globe,  earthy  or  metallic  stones,  the 
matter  of  which,  by  succeeding  to  organic  bodies,  such  as  shells,  is  mo- 
delled in  the  cavities  which  the  latter  had  originally  occupied.  What  is 
called  petrified  wood  also  presents  an  apparent  conversiua  of  an  organic  body 
into  a  mineral.  Lastly,  organic  bodies  wSich  have  undergone  .only  slight 
alterations  have  been  c-3.\\ei  fossil  shells  and  fossil  icood.  Several  modern  au- 
thors, considering  all  bodies  imbedded  in  the  earth  as  in  the  regions  of  mine- 
ralogy, have  substituted  the  word  fossil  ior  vihieral,  and  some  have  applied 
the  latter  to  metallic  ores  only.  The  same  authors  have  denominated  the 
science  of  fossils  oryctopiopj.  We  have  thought  it  right  to  conform  to  the 
ancient  language,  because  the  expression  mineral,  by  the  side  of  vegetalle  and 
animal,  makes  us  perceive  more  clearly  the  gradationof  the  three  great  col- 
lections of  being-s  which  have  been  dtenominated  the  kingdoms  of  Nature.  We 
regard  the  study  of  fossils,  properly  so  called,  as  an  accessarj--  so  far  as 
mineralogy  is  concerned,  inasmuch  as  the  consequences  which  we  may  de- 
rive from  this  study  relative  to  the  history  of  the  globe  rather  spring  from 
ecology.  We  know  besides,  that  fossils,  at  least  those  which  have  been  pri- 
mitively in  the  animal  kingdom,  have  in  another  point  of  view  occupied  the 
attention  of  several  celebrated  zoologists,  and  among  others  Cuvier,  who  has, 
as  it  were,  recomposed  the  bodies  of  animals  of  which  we  find  no  living 
analogies,  and  restored  to  modern  science  species  of  antiquity  which  seemed 
to  have  been  for  ever  lost. 

one 
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one  hand,  it  is  constantly  the  same  being  which  merely  passes 
to  other  dimensions;  on  the  other  hand,  it  is  always  a  new 
being  in  proportion  to  what  it  acquires. 

We  shall  have  an  idea  ot  the  formation  and  increase  of 
minerals,  if,  after  having  dissolved  common  salt  in  water, 
we  observe  what  passes  while  the  water  is  evaporated  :  we 
shall  see  small  masses  of  salt  deposited  on  the  surface  of  the 
water,  or  upon  the  sides  of  the  vessel  which  contains  it,  and 
increase  in  proportion  as  they  attract  new  particles.  In  this 
case  the  figure  of  these  masses  is  out  of  the  question,  and 
we  confine  ourselves  to  considering  generally  the  method  in. 
which  they  are  formed. 

The  molecules  of  stones,  metals.  Sec,  may  for  a  time  be 
suspended  in  a  liquid.  When  this  liquid  afterwards  aban- 
dons them  successively,  from  whatever  cause,  thev  re-unite, 
in  obedience  to  their  mutual  affinity,  and  produce  solid 
masses*. 

These  molecules,  of  which  the  mineral  is  the  aggregate,  are 
imperceptible  to  our  eyes,  even  with  the  assistance  of  the 
best  optical  instruments.  But  we  cannot  doubt  that  they 
have  determinate  forms,  and  that  they  are  not  similar  in 
every  species  of  mineral.  We  are  even  led  to  adopt  this 
idea,  by  observations  made  upon  a  great  number  of  mine- 
rals. 

Let  us  continue  to  take  as  an  example  the  salt  already 
mentioned.  If  we  cautiously  strike  a  portion  of  this  salt, 
we  see  it  divided  into  fragmtnts  of  a  cubical  form  ;  and  on 
continuing  the  division,  we  shall  have  cubes  successively 
smaller,  until  they  are  no  longer  visible  without  the  micro- 
scope. 

On  the  other  hand  chemistry,  by  analysing  the  salt  in 
q'.icstion,  proves  that  it  is  composed  of  two  different  prin- 
ciples ;  one  of  which  is  an  acid  called  muriatic  add,  and  the 
ether  an  alkali  called  soda.     These  two  fTriucipIes  are  com- 

*  The  action  of  caloric,  or  heat,  supplies  the  place  of  liquids  in  the  forma- 
tion of  certain  minerals  ;  when  the  molecules  of  the  latter,  which  its  interpo- 
sition at  first  keeps  separated,  afterwards  acquire,  upon  its  retreat,  the  liberty 
if  reuniting  by  virtue  of  their  reciproral  affinity. 
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bined  with  each  other  in  the  sah,  according  to  a  certain 
proj)ortion  and  t  deterininale  arrangement.  Each  cube 
which  we  take  trom  (his  sah  is  an  atrgregate,  and  the  con- 
nection and  anaur^ement  of  molecules  is  the  same  as  in  the 
whole  mass.  But  the  subdivision  of  the  salt  into  cubes  suc- 
cessively smaller,  has  necessarily  its  limits  ;  and  if  we  were 
possessed  of  organs  and  instruments  of  sufficient  delicacy 
for  pushing  this  division  as  tar  as  it  would  go,  we  should 
even  obtain  cubes  incapable  of  being  subdivided  without 
being  analysed,  i.  e.  without  insulating  the  two  principles, 
the  junction  of  which  constitutes  the  essence  of  the  salt. 

Hence  we  conclude,  that  we  may  consider  in  this  salt 
(and  the  same  may  be  said  of  all  the  n^inerals)  molecules  of 
two  orders  :  the  first,  vt'hich  we  shall  call  elemenlanj  mole- 
cules, and  which  are  in  the  present  case,  on  one  hand  those 
of  the  acid,  and  on  the  other  those  of  the  soda;  the  second, 
to  which  we  shall  give  the  name  of  integrant  molecules^  and 
■which  are  in  the  same  case,  the  smallest  cubes  which  can  be 
obtained  separately,  without  the  nature  of  the  salt  being  de- 
stroyed. The  elementary  molecules  have  doubtless  reenlar 
and  constant  forms  also  for  each  species  of  acid,  alkali,  Sec, 
and  those  of  one  species  adapt  themselves  to  those  of  the 
other,  forming  small  compartments  whence  result  the  inte- 
grant molecules. 

We  shall  suppose  that  these  last  molecules  were  similar 
to  the  S(/lid  ones  procured  from  a  mineral  by  dividing  it  me- 
chanica'!y.  Of  this  we  are  not  physically  certain,  since 
these  molecules  escape  our  observation  from  their  extreme 
tenuity.  But  in  the  study  of  Nature  we  cannot  act  more 
wisely  than  to  adopt  this  principle  ;  That  things  are  to  be 
considered  precisely  as  they  present  themselves  io  our  olser- 
vatioii.  The  ultimate  perceptible  results  of  the  mechanical 
division  of  minerals,  if  they  do  not  give  us  the  figure  of  the 
true  integrant  nsolecules  employed  by  Nature,  represent  them, 
at  least  with  respect  to  us ;  nearly  as  the  substances  which 
chemists  can  no  longer  snalyse  further,  are  simple  substances 
with  respect  to  them,  although  in  reality  ihey  may  still  be 
susceptible  of  decomposition. 

It 
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It  frequently  happens  that  the  cavity  in  which  a  mineral 
is  formed  contains  other  minerals  of  an  anterior  existence, 
which  afterwards  serveit  as  a  support  when  its  formation  15 
completed.  Frequently  also  the  molecules  of  several  minerals, 
suspended  at  the  same  time  in  one  and  the  same  liquid,  pro- 
duce cotemporaneous  bodies.  Hence  the  mutual  adherence 
of  several  minerals  :  those  kinds  of  penetrations,  in  virtue  of 
which  they  are  often  as  it  were  interwoven  or  dovetailed  into 
each  other;  those  mixtures  of  nK<leculcs  of  several  different 
bodies;  and  all  those  sportive  positions,  all  those  varieties  of 
conditions  and  aspects  presented  to  the  observation  of  the 
naturalist  bv  a  continual  change  of  contrasts  and  shades. 

Every  mineraloo;ical  collection  presents  numerous  exam- 
ples of  these  accidental  combinations  ;  and  although  the 
chief  object  of  the  riiineralogist  is  to  classify  bodies  from 
considerations  independent  of  their  natural  arrangement,  it 
is  nevertheless  not  a  matter  of  indifference  for  him  to  know 
what  are  the  other  substances  which  adhere  most  usually  lo 
such  and  such  species  of  stone  or  metal,  and  their  indica- 
tion should  have  a  place  in  the  history  of  the  substance  with 
■which  circumstances  have  associated  them*.  But  \X\t  ob- 
servation^ of  masses  frequently  of  stupendous  size,  in  which 
the  respective  arrangement  of  the  minerals  resi;'is  from  an 
operation  of  Nature  on  a  grand  scale,  is  the  object  of  a  di- 
stinct science  called  geology,  which  cannot  be  studied  except 
bv  travelling;. 

[To  be  continued.] 

*  The  French  word  gangtif  has  been  applied  to  stony  substances  which 
sccompany  metallic  veins,  and  viairix  to  substances  which  suppoi*,  or  con- 
tain imbedded  in  them,  other  stony  substances,  or  of  a  nature  nr\  metaiiic. 
I  thought  it  right  to  give  an^extension  to  t]>e  word  gaii^iu,  by  applying  it  in- 
discriminatelv  to  the  supports  or  to  the  envelop?',  cf  a  mineral,  whatever  be 
it^  nature.  Thus,  we  sav  that  EL:ch  a  variety  of  carbouaied  lime  has  a  q^uartz 
for  its  gmigiie. 
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FRENCH  NATIONAL  INSTITUTE. 

Analysis  of  the  Lnhours  of  the  Class  of  Mathematical  and 
Physical  Sciences  of  the  French  Institute,  for  the  Year  1807. 

[Continued  from  vol.  xxxiii.  p.  501.] 

J\-l.  BuRCKHAKDT  proposes  another  new  method  for  deter- 
mining the  moon's  node.  This  inquiry  is  deHcate ;  for 
six  seconds  of  error  in  the  meridian  ahitiide  may  produce  a 
minute  of  difference  in  the  place  of  the  node.  It  is  true  that 
it  is  not  necessary  to  be  known  with  any  precision  except 
for  the  calculation  of  the  latitude,  and  that  a  minute  of  error 
in  the  node  only  produces  reciprocally  six  seconds  in 
the  moon's  latitude.  This  element  has  therefore  nearly 
the  same  precision  in  the  tables  as  the  very  observations 
which  serve  to  determine  it.  But  these  observations,  when 
the  moon  is  very  low,  are  subject  to  the  irregularities  of  re- 
fraction;  they  were  iui  the  same  way  affected  with  uncer- 
tainty, as  to  the  parallax  and  the  semi-diameter,  when  these 
two  quantities  were  not  yet  so  well  determined  as  they  arc 
now.  It  is,  therefore,  the  refractions  which  he  endeavours 
to  avoid  by  making  choice  of  a  method  over  which  they 
have  no  influence.  We  do  not  allude  to  the  errors  in 
the  division  of  the  mural  circle  ;  for  we  might,  as  M.  Burck- 
hardt  himself  has  proved,  observe  the  altitudes  of  the  moon 
by  the  repeating  circle,  or  determine  with  the  same  instru- 
ment the  errors  of  the  mural  circle.  The  occuhations  of  stars 
would  furnish  a  method,  if  their  latitudes  were  certain;  but 
these  latitudes  may  be  subject  to  uncertainties  similar  to  that 
of  the  meridian  altitude  of  the  moon,  when  these  stars  are 
south  ;  and  in  order  to  be  proper  for  the  determination  of  the 
node,  they  must  be  "close  to  the  ecliptic.  All  these  con- 
siderations singularly  limit  the  choice  which  we  may  make; 
and  there  i&  scarcely  any  other  but  Regulus  and  the  Virgin's 
Spike  which  will  satisfy  all  the  requisite  conditions.  We  must 
confine  ourselves  to  these  two  stars,  and  they  will  be  suffi- 
cient. We  shall  choose  the  eclipses  observed  successively 
-when  the  moon  was  in  the  vicinity  of  its  ascending  and  de- 
scending node.    We  may  suppose  the  latitude  of  the  star  (o 

be 
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be  good,  and  we  may  conclude  fron\  it  the  place  of  the  two 
nodes.  They  ought  to  differ  ISO  degree?,  the  known  mo- 
tion excepted  ot  the  node,  which  we  must  take  into  account. 
This  ditFerence  may  serve  for  correcting  the  latitude  of  the 
star:  but  even  that  is  unnecessary;  for,  having  the  node,  (for 
the  two  errors  act  in  a  contrary  direction,)  the  mtan  between 
the  two  determinations  of  one  and  the  same  node  will  be  the 
position  which  this  node  had  at  the  moment  of  the  two  ob- 
servations, however  distant  from  each  other.  This  method 
is  therefore  general  and  complete ;  but  the  opportuuities 
of  putting  it  in  practice  are  unfortunately  rare.  On  con- 
sulting the  annals  of  astronomy,  M.  Burckhardt  has  only 
found  two  observations  of  the  Virgin's  Spike,  and  four  of 
Hegulus,  which  are  applicable. 

M.  Biot,  previous  to  his  first  journey  to  Spain,  had  de- 
termined by  precise  and  delicate  experiments  the  refrangent 
power  of  the  air  and  of  gases,  and  this  he  found  to  be 
very  little  different  from  what  M.  Delambre  concluded  from 
his  astronomical  observations  combined  with  those  of  M. 
Piazzi.  We  know  that  the  refractions  vary  with  the  state 
and  temperature  of  the  atmosphere  j  and  for  a  long  period 
astronomers  applied  to  the  mean  quantities  two  correc- 
tions, one  depending  upon  the  heat  of  the  barometer,  and 
the  other  upon  the  degree  marked  by  the  thermometer. 
Since  meteorology  was  enriched  witHi  a  third  instrument, 
which  serves  for  measuring  the  degrees  of  dryness  and  hu- 
midity in  the  air,  astronomers  were  uncertain  if  the  hygro- 
meter could  furnish  a  third  correction.  Some  trials  had 
been  already  made,  which  had  given  nothing  accurate.  For 
nearly  a  month  which  M.  Delambre  spent  in  the  otecple  of 
Bois-commun,  at  a  lime  when  strong  frosts  had  more  than 
once  succeeded  to  very  damp  fogs,  he  sought  to  ascertain 
if  the  variations  of  the  hj'grometer  produced  any  change 
in  the  terrestrial  refractions,  and  he  never  found  the  least 
indication  of  it.  The  author  of  the  M^can'ique  Celeste  had 
made  the  important  remark,  that,  in  point  of  equal  elasticity, 
4he  refrangent  powers  of  the  air  and  of  the  vapour  of  water 
would  only  differ  by  a  very  small  quantity  ;  but  the  question 
go  essentially  interested  astronomy,  that  this  truth,  already  so 

E  4  probable^ 
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probable,  was  well  worthy  of  being  establi.^hcd  by  direct  €X« 
periments.  This  is  what  M.  Biot  undevtook  last  summer, 
with  the  most  delicate  accuracy.  He  had  in  the  first  placo 
to  determine  the  eflects  ot  vapour  by  itself:  he  dried,  by 
means  of  potash,  the  warm  air  continued  in  his  prism; 
outside  of  it  he  had  air  charged  with  the  natural  moisture  ot 
the  atmosphere.  The  pressure  of  these  two  airs,  indicated 
bv  the  interior  and  exterior  barometers,  was  not  the  samej 
the  diftcrencc  was  equal  to  the  tension  of  die  aqueous  va- 
pour of  the  atmosphere,  The  deviation  of  the  luminous  ray 
m  the  prism  then  gave  the  refraction  produced  by  the  vapour  j 
and  we  mig^ht  see  whethtr  this  refraction  differed  from  that 
which  woul4  have  been  produced  by  the  air  alone  at  a  similar 
temperature.  The  differences  never  rose  above  some  tenths  of 
^a  second,  and  the  metliuni  was  only  0''''l5,  a  quantity  truly 
insensible,  since  it  only  produces  a  sixtieth  of  a.second  at  the 
height  of  45  degrees.  M.  Biot  hence  concludes  "  that  the 
vapour  of  the  air  sensibly  refracts  like  the  atmospheric  air; 
and  thus,  in  astronomical  observations,  we  should  be  con-^ 
tented  with  having  in  view  the  height  of  the  barometer  and 
thermometer,  and  neglect  the  vapours  more  or  less  with 
which  the  atmosphere  may  be  charged." 

The  first  experiments  of  M.  Biot  were  made  in  winter  and 
in  low  temperatures:  the  last  took  place  in  the  greatest  heat 
of  summer,  and  yet  the  difference  upon  the  mean  refraction 
only  differed  by  an  extremely  small  quantity,  which  is  still 
made  less  by  M.  Delanibie's  result.  To  conclude:  all  astro- 
nomers will  easily  agree,  that  the  direct  observations  of  the 
refractions  could  not  give,  notwithstanding  all  possible  care, 
either  the  same  agreement  in  the  particular  results,  or 
the  same  jTrecision  in  the  absolute  quantity ;  because,  by 
the  astronomical  methods,  this  value,  or  the  constant  part 
of  the  refraction,  is  ahvays  dependent  upon  the  altitude  of 
the  pole,  because  we  can  only  determine  simultaneously  the 
two  unknown  quantities ;  and  wc  may  always,  by  causing 
■smai!  changes  in  acontrary  direction,  represent  the  observa- 
tions equally  well.  M.  Delambre  has  declared  that  he  can- 
not account  for  the  small  difference  which  exists  between  his. 
fefriciions  and  those  of  M.  Biot.     We  may  therefore  adopt 

in 
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in  preference  the  result  of  these  physical  experiments;  it  \% 
oaly  by  calculating  with  the  greLilesi  precision,  millions  of 
observations  made  at  ciifftrent  times,  and  .\itli  different 
kinds  of  inslrnnients,  that  ue  can  ar.ain  this  point  ot  ap- 
proximation. If  we  aflerwardi  comj)arc  the  new  table  of 
refractions  witii  those  of  Bradley,  Maver,  Burg,  and  Piazzi, 
we  shall  perhaps  be  astonished  at  the  little  that  has  been 
gained  by  so  many  various  observations,  calculations,  and 
experiments  :•  but  such  is-the  present  state  of  astronomy,  that 
the  greatest  efforts  can  produce  little  more  than  ahnost  in- 
sensible ameliorations,  although  wc  certainly  gain  in  point 
of  accuracy  in  proportion  as  experiments  become  more  exact 
and  rigorous.  The  same  coniparison  will  ■^r(jve  that  the 
greatest  difference.between  the  various  tables  chitflv  belongs 
to  the  constant  factor  of  tlie  therniometrical  correction.  In 
fact,  as  far  as  SO^  of  distance  from  the  zenith,  at  which  the 
observaiitms  differ  more  from  each  other  than  thev  are  re- 
moved from  the  tables,  scarcely  can  we  find,  in  th6  mean 
refractions,  one  or  two  seconds  of  diS'erence  among  aslro-r 
nomers,  if  we  except  M.  Burg,  whci  lins  frcqyonily  a  double 
quantity  in  excess,  instead  of  our  seeing  in  very  high  orveiy 
low  temperatures  uncertainties  of  9  or  10  seconds.  It  was 
therefore  extremely  necessary  to  verifv  this  co-efficient;  ar.d 
this  is  whatM,  Biot  has  done  with  the  same  success.  The 
quantity  which  he  found,  according  to  his  own  experiments 
and  those  of  Gay  Lnssac,  scarcely  exceeds  what  Maver  had 
determined  50  vears  ago,  and  to  which  Lacaille  found  al- 
most nothing  to  add.  Bradley  made  this  co-eriicient  a  little 
larger,  and  almost  every  astronomer  has  adopted  his  table. 

Isl.  Biot,  who  employs  his  time  so  usefuliv.  also  read  se- 
veral excellent  memoirs  to  the  Institute  this  year ;  but  his 
departure  for  Spain  does  not  admit  of  our  analysing  them  : 
he  is  at  present  occupied  at  Formentera,  a  small  is  and  to 
the  southward  of  Ivica,  in  measuring  the  altuude  of  the 
pole,  the  length  of  the  pendulum,  and  the  azimuths  of  the 
most  southern  points  of  the  triangles  which  he  drew  from 
that" island  to  Tortosa,  where  the  death  of  M.  JSIechain  had 
caused  them  to  be  suspended.  Messrs.  Chaix  and  Rodri- 
giieZj  but  above  all  M.  Arago^  took  the  most  active  part  in 
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this  great  and  difficult  operation,  which  will  form  a  very 
excellent  completion  to  the  description  of  the  meridian  oi 
Dunkirk  and  Barcelona.  Tliey  have  fortunately  triumphed 
over  every  obstacle ;  by  their  perseverance  in  braving  the 
severest  cojd,  snows,  winds,  heat,  and  storm?,  they  suc- 
ceeded in  uniting  by  two  great  triangles  the  isles  of  Ivica 
and  Formentera  on  the  shores  of  Valencia.  What  remains 
to  be  done  in  order  to  add  nearly  three  degrees  to  the  grand 
meridian  is  much  easier ;  and  its  success  is  uniloubted  ;  be- 
cause from  this  moment  it  depends  upon  the  care  and  the 
precision  of  the  geometrical  anxl  physical  knowledge  with 
which  our  young  astronomers  are  endowed,  as  well  as  upon 
their  zeal  and  eonrage. 

M.  Messier  has  presented  to  the  class  a  beautiful  drawing 
which  he  made  of  the  nebulus  of  Orion,  to  wliich  he  has 
added  that  of  Legentil,  and  another  much  more  difficult  to 
see,  which  he  discovered  in  1773.  Some  astronomers 
thought  they  had  remarked  on  a  large  scale  changes  of  form 
and  of  light,  owing  probably  to  the  different  glasses  which 
they  used.  M.  Messier  gives  the  dimensions  and  size  of  his 
glasses ;  and  with  his  drawing,  which  appears  in  our  Me- 
moirs of  1S07,  astronomers  will  one  day  be  able  to  ascertain 
if  these  changes  arc  real,  or  only  optical  illusions. 

The  storm  which  was  experienced  at  Paris  on  the  2 1st  of 
October,  1S07,  and  the  no  less  extraordinaiy  wind  of  the 
following  day,  deserve  to  be  recorded  in  the  annals  of 
meteorology.  M.  Messier  has  collected  all  the  details  with 
care,  and  has  consulted  all  the  registers  of  observations 
kept  fop  50  years  without  finding  any  thing  similar.  At  the 
conclusion  ot  a  no  less  violent  storm,  which  took  place  ou 
the  3d  of  November  following,  the  lightning  struck  the 
church  of  Montvilliers ;  and  M.  Messier  has  also  presented 
lis  with  details  respectnig  this  catastrophe. 

The  year  1807  will  be  celebrated  by  thediscoverv  of  a  new 
planet,  and  the  long -continued  appearance  of  one  of  the 
most  beautiful  comets  ever  seen.  The  planet  was  discovered 
at  Bremen  by  M.  Olbers,  and  the  letter  to  M.  Lalande, 
ani^ouncing  the  circumstance,  arrived  a  few  minutes  after 
the  death  of  that  prince  of  astronomers.     M.  Burckardt  ipi- 
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mediately  gave  us  the  tirst  approximate  elements,  and  he 
improved  them  in  proportion  as  his  observations  became  inore 
numerous.  We  have  a  remarkable  jiroof  of  the  perfection 
of  the  modern  methods,  in  this  facility  of  finding  the  in- 
stant of  the  appearance  of  a  new  heavenly  body,  all  rhe  cir- 
cumstances attending:;  its  course,  the  form  and  position  of 
the  orbit  which  it  describes  around  the  sun.  On  this  occa- 
sion, therefore,  analogy  considerably  abridged  the  first  at- 
tempts. The  three  last  planets  had  already  the  singularity 
of  their  distance  from  the  sun  being  nearly  the  same.  Ac- 
cording to  AI.  Olbers'  ideas,  which  contributed  to  the  dis- 
covery by  directing  him  in  his  inquiries,  the  planet  Vesta 
ought  also  to  have  this  resemblance  with  Ceres,  Pallas,  and 
Juno;  and  this  conjecture  has  been  almost  completely  veri- 
fied. In  order  to  obtain  a  mors  certain  knowledge  of  this 
point,  and  of  the  true  elements,  we  must  wait  until  we 
have  observed  a  greater  arc,  and  calculated  the  perturbations 
which  Vesta  ou2:ht  to  undergo,  particularlv  with  respect  to 
Jupiter.  M.  Burckhardt  has  already  ascertained  that  these 
perturbations  are  very  sensible,  although  less  difiicult  to  cal- 
culate than  those  of  Pallas. 

A  comet  uas  discovered  at  Marseilles,  by  M.  Pons,  on 
the  21st  of  October :  it  was  then  south,  and  adjoining  the 
horizon,  and  his  track  followed  nearly  that  of  the  sun.  These 
circumstances  hindered  more  northern  astronomers  from 
seeing  it  immediately ;  for  M.  Bouvard,  on  the  same  evening, 
took  an  accurate  view  of  the  whole  sky  without  seeing  any 
thing  unusual :  as  it  was  fro^n  that  moment  visible  to  the 
naked  eye,  it  was  perceived  a  few  days  afterwards  by  Messrs. 
Vidal  and  Flauguergues,  and  by  different  astronomers  at 
Ivladrid,  and  in  Germany.  M.  de  Thulis,  director  of  the 
observatory  of  Marseilles,  sent  us  his  first  two  observations, 
M.  burckhardt  added  a  third,  and  next  day  he  fjave  the  first 
elements  of  the  orbit.  He  has  perfected  them  since.  Messrs. 
Bouvard  and  Mathieu  have  made  similar  calculations  upon 
other  observations.  The  parabolic  elements  seem  to  be  well 
known,  and  we  have  nothing  to  add  on  the  subject  of  this 
cornet  which  we  have  not  read  in  the  Journals.     Its  lono^ 

o 

continuation,  however^  gave  M.  Burckhardt  reason  to  hope 
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that  it   might  give  nie  to  some  int('rr€=,ting  remarks,  audit 
is  probable  that   he  will  give   to  the  public  those  made  by 
himself. 

The  same  asfronomer  has  also  been  pccupicd  \\\*h  de- 
scribing several  former  comets,  of  which  aa  impeilect  de- 
scription has  appeared.  In  the  Imperial  observatory  he 
found  some  unpublished  observations  of  the  comet  of  1701, 
seen  at  Pan  by  M.  Pallu.  M.  Burckhardt  supposes  that  this 
comet  is  the  same  which  v\as  seen  at  sea  in  the  month  of 
February  following;  and  this  circnmstance,  in  his' opinion, 
is  worthy  of  being  examined. 

The  comet  of  1672  had  been  supposed  by  some  astrono- 
mers to  have  been  the  same  with  that  of  1805.  M.  Burck- 
hardt has  shown  by  calculations,  that  this  is  not  the  case. 

[To  be  continued.] 

noyal  academy  of  scirnck5  and  belles  lettres  of 
bi:rli>7. 

This  learned  body  has  offered  medals  of  fifty  ducats  in 
value  each  for  the  best  memoirs  on  the  following  subjects, 
viz.  *'  A  complete  theory  of  the  Hydraulic  Ram,  taking 
into  view  the  adhesion  of  u  fiter." 

*'  The  determination  of  the  object  of  the  senate  of  the 
Amphictyons,  the  exient  of  their  powers,  and  their  influence 
over  the  politics  of  Greece." — The  papers  on  the  above 
subjects  must  be  given  in  on  or  befort-  ihe  1st  of  May  1810, 

ACADEMY  OF  SCIENCES  OF  COPENHAGEN. 

The  following  subjects  have  been  given  out  as  prize  que^s- 
tions  for  the  present  year. — In  Matliematks.  "  Explain  the 
construction  and  theory  of  a  hydraulic  tube,  by  means  of 
which  we  may  distinctly  observe  objects  at  the  bottom  of  ihc 
sea."— 7w  Physics.  "  What  information  has  been  or  may 
be  gained  respecting  the  state  of  the  atmosphere  in  the 
higher  regions,  by  means  of  aerial  voyages?" — In  History. 
*'  Compare  the  best  and  newest  accounts  we  have  of  tiie 
worship  and  religious  ideas  of  the  various  Indian  or  Tartar 
nations,  and  their  opinions  respecting  the  ovigu  and  the  pri- 
mitive state  of  theology,  and  of  the  world,  with  the  idvias 

which 
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\vhich  rvjr  ancestors  entertained  upon  the  sime  subjects." — 
In  Piiilosrip/iv.  "  Has  the  eclectic  philosoi^by  any  thing 
^vhich  can  iustly  render  it  re  oninitn<Jc;ble  at  pre?ent  ? 
What  men  have  deserved  to  be  honoured  with  the  title  of 
eclectics?  and  according  to  iliese  results,  May  the  philoso- 
phers ui'.o  were  tormerly  the  ornaments  of  the  School  of 
Alexandria,  or  the  new  School  of  Plato,  be  called  ecleciu.,  or, 
according  to  the  opinion  cf  some,  syncretk  F'  A  gold  medal 
of  the  value  of  50  ducats  is  olTt^red  for  tl:e''bcst  memoir  on 
either  of  the  above  subjects.  Tiie  papers  miv  be  written  in 
Latin,  Danish,  English,  or  French,  and  must  be  transmitted 
to  Professor  Bugge,  secretary  to  ihe  Copenhagen  Academy, 
before  the  Isl  of  January  IS  10. 
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XII.  Intelligence  and  Miscellaneous  Articles. 

R.  BfevvSTER  of  Edinburgh  has  invented  a  new  (ronio- 
meirical  telescope  and  microscope,  for  measuring  the  angles 
of  crvstals  by  reflection,  and  for  ascertaining  the  inclination 
of  strata,  and  tli?.-  apparent  magnitude  of  angles  when  the 
eye  is  not  placed  at  their  vertex. 

The  same  gentleman  has  also  invented  an  instrument  for 
determining  distanct^  at  one  station,  without  measuring  a 
base,  withcut  a  portable  ha.se  bcinc:  attached  to  tile  instru- 
ment, or  without  knowing  the  magnitude  of  the  o!)ject  the 
distance  of  which  is  to  be  ascertained.  A  long  base  is  ac- 
tually created  by  the  instrument,  without  measuring  it ;  and 
the  distance  is  obtainec]  upon  a  principle,  which,  as  far  as 
we  know,  has  never  been  employed  in  trigonometrical  in- 
struments.   

The  art  of  printing  from  stone  continues  to  be  practised 
with  great  success  on  the  Continent.  At  Stutgard  a  printing- 
office  has  been  established,  for  the  purpose  of  a  mtjre  exten- 
sive applicai  ion  of  this  uew  invention.  The  engravipa  of 
music  has  been  the  chief  branch-  to  which  it  has  hitherto 
been  directed  on  the  Continent. 


W.  Di-;GEX,  a   watchmaker  of  Vienna,    has  invented   a 

machine 
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machine  for  raising  a  person  into  the  air.  It  is  formetl  of  two 
kinds  of  parachutes  of  tafteta,  which  nmy  be  folded  up  or 
extended  at  pleasure,  and  the  person  who  moves  them  is 
placed  in  the  centre.  M.  Degen  has  made  several  public 
experiments,  and  rose  to  a  height  of  34  feet,  flying  in  va- 
rious directior-3  with  the  celerity  of  a  bird.'  A  subscription 
has  been  opened  at  Vienna  to  enable  the  inventor  to  prose- 
cute his  inquiries.         /  

Baron  Lutgendorf,  long  known  as  a  traveller  and 
voyager,  has  contrived  a  machine  by  which  a  person  may 
exist  under  water,  without  fear  of  being  drowned  ;  it  is  a 
kind  of  cuirass,  which  admits  of  the  body  assuming  every 
possible  position,  and  which  is  said  to  be  extremely  useful 
in  savins;  persons  in  danger  of  being  drowned.  The  police 
of  Vienna  have  purchased  a  considerable  number  of  these 
machines,  with  the  view  of  assisting  in  bringing  up  drowned 
persons  from  the  bottom  of  the  Danube. 


AEnosTATiON. — On  the  22d  of  August,  1S08,  Messrs. 
Andreoli  andBrioschi,  of  Padua,  ascended  in  a  balloon,  amid 
an  immense  concourse  of  spectators.  Soon  after  leaving  the 
ground,  the  barometer  having  fallen  to  15  inches,  M.  Bri- 
oschi  began  to  feel  an  extraordinary  palpitation  of  the  heart; 
his  brcatjiing,  however,  was  not  affected  :  the  barometer 
afterwards  fell  to  12  inches,  and  he  was  overcome  with  a 
gentle  sleep,  which  ended  in  a  complete  lethargy.  The  bal- 
loon continued  ascending]  and  when  the  barometer  stood  at 
nine  inches  JVI.  Andreoli  perceived  that  the  machine  was 
completely  inflated,  and  that  he  could  not  move  his  left 
hand.  The  mercury  continuing  to  descend,  marked  eight 
inches  and  a  half,  and  a  violent  detonation  was  heard  from 
the  balloon,  which  then  descended  with  great  rapidity,  and 
M.  Brroschi  awoke.  The  aeronauts  alighted  safely  on  the 
hi\l  of  Euganea,  not  far  from  Petrarch's  tomb  and  the 
city  of  Argua,  about  twelve  miles  from  Padua.  The  voyage 
lasted  from  half-past  three  until  hatt'-past  eight  o'clock. 

Dr.Langsdorff,  of  St.  Petersburgh,  whose  zeal  for  the 
progress  of  science  is  au'eadv  well  known,  has  been  appointed 

by 
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by  Count  Roraanzow  to  a  mission  of  considerable  Impor- 
tance. Dr.  Lan2:5dorfF  accompanies  a  large  caravan,  which 
has  set  out  from  Orcmbourgi;  for  Russian  Tartarv  and  Bu- 
charia,  in  quality  of  physician  and  surgeon.  The  Russian 
government  has  supplied  him  with  every  requisite  for  making 
his  journey  advantageous  to  natural  history  and  geography. 

LIST    OF    PATENTS    FOR    NEW    INVENTIONS. 

To  James  Cavanah  Murphy,  of  Edward  Street,  Cavendish- 
Square,  architect,  who  duruig  a  residence  of  eight  years  on 
the  Continent  has  discovered  and  found  out  the  manner  of 
desigjiing,  making,  and  forming  mosaics  and  ornaments  in 
the  Arabian  style  and  manner,  which  he  purposes  to  apply 
to  diveis  arts  and  manufactures. — Dated  July  23,  I8O9. 

To  Samuel  Clegg,  of  Manchester,  in  the  county  of  Lan- 
caster, engineer,  for  a  rotative  (sieam)  engine,  i  he  piston 
of  which  makes  a  complete  revolution  at  a  di3tance4rom  the 
revolving  axis,  shaft,  or  cylinder. — July  26. 

To  Thomas  Botfield,  of  Hopton  Court,  in  the  county  of 
Salop,  for  a  method  of  constructing  an  iron  or  uietai  roof 
for  houses  or  other  buildings. — July  26. 

To  Richard  Heaps,  of  Holywell  Street,  in  the  parish  of 
St.  L-onard,  Shorediich,  for  his  method  of  forming  pipes 
and  sundry  oiher  articles  in  lead,  pewter,  or  tin,  or  metals 
of  that  nature. — Julv  26. 

To  David  Lceschman,  of  Newman  Street,  piano-forte 
maker,  for  certain  improvements  in  the  musical  scale  of 
keyed  instruments  with  tixed  tones,  such  as  pianos,  organs, 
&c. — July  26. 

To  Charles  Seward,  of  Lancaster,  for  a  new  or  improved 
street  lamp  and  burner,  and  lantern-head  for  street.and  other 
lamps  and  lanterns,     July  26. 
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METEOKOr.OGICAL    TABLE, 

By  Mr.  CAr.Ev,  of  the  Strand, 
lor  Julij  180y. 
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2^.  B.  The  Barometer's  height  is  taken  stone  o'clock. 
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XIII.  An  Account  of  a  Method  of  dividing  astronomkal 
and  other  Instruments,  hy  ocular  Inspection, ;  in  u/iich 
the  mual  Tools  for  graduating  are  not  employed ;  tka 
ichole  Operation  berng  so  contrived ^  that  no  Error  can  oc- 
cur but  what  is  chargeable  fo  Vision,  ivhtn  assisted  by  the 
best  optical  Means  of  iltwing  and  measuring  minute, 
Quantities.    By  Mr.  Edwahd  Tkoughton  *. 
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A  Letter  from  Mr.  Edward  Tkoughton,  Mathematical 
Instrument  Maker,  to  the  Astronomer  Royal  f. 

SIR,  London,  June  £3,  ISOP, 

HE  science  which  you  profess,  and  the  art  which  it  has 
fallen  to  my  lot  to  cultivate,  are  so  nearly  allied;  that,  hM 
T  been  personally  unknown  to  you,  and  a  stranger  to  the 
patronage  which  you  have  always  giv^n  to  the  useful  arts,  I 
should  still  have  wished  the  papers  annexed  to  l>avc  passed 
throuuh  your  hands  to  the  public.  You  will  readily  thence 
infer,  how  much  I  Icel  myself  flattered  by  havmg  obtained, 
from  vour  condescension,  the  privilege  of  th-.-ir  being  pre- 
sented to  the  Koval  Society  through  a  channel  which  must 
secure  for  them  ihe  most  favourable  reception. 

My  reputation  for  the  dividing  of  astronomical  and  other 
instruments,  is  by  no  means  unknown  to  the  world;  but 
the  means  by  which  I  accomplish  it,  I  have  hitherto  thought 
proper  to  conceal  :  and  if  that  conceahnent  had  been  essen- 
tial to  the  advancing  of  that  reputation,  or  to  tne  immediate 
security  of  my  own  interests,  it  is  probable  that  it  mis;ht 
t:ti!l  longer  have  rested  with  myself,  l^vclying,  however,  a» 
I  do,  on  the  probabilnv  that  I  s!;all  find  sufficient  employ- 
ment while  1  anj  capable  of  acr.ve  lite,  I  know  of  no  ho- 
nourable motive  that  should  prevent  me  from  allowing  it  to 
be  useful  to  others. 

How  a  young  artist,  who  may  just  be  beginning  to  make 
liis  way  to  fanieor  wealth,  niav  receive  it,  i  know  not;  but 
1  wish  him  to  understand,  that  J  consider  myself  now  ill  the 
act  of  making  him  a  very  valuable  present. 
1  have  the  honour  to  be,  sir, 

your  obliged  and  obedient  serv'ant, 

Edw;  Troughtox. 

To  the  Rev.  Nevil  Maskeltxe,  D.D., 
Astronomer  Royal,  F  R.S.,  &c. 

*  From  Philosophikal  Transactions  for  1S09,  Parli.1. 

f  This  letter  is  noc  inserted  in  the  Society's  Trausuctions,  but  appears  in 

the  c  pies  of  the  Paper  circulated  by  the  author  among  his  private  friends. 

EriT. 

VoL  34.  No,  136,  August  ISO9,  F  Account 
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Recount  of  a  Method  of  dividing   astrovomical  and  other 
Imtruvienti,  hj  ocular  Inspection,  &'c. 

Tt  would  ill  become  me,  in  aclciressing  inv&elF  to  the 
Menibf  rs  of  this  Society  upon  a  subject  which  ihev  are  so 
well  enabled  to  appreciate,  to  arrogate  to  myself  more  than 
may  be  assigned  as  my  due,  for  whatever  of  siuccess  niay 
have  been  the  result  of  my  long  continued  endeavours,  ex- 
erted in  prosecutmg  towards  perfection  the  dividing  of  iu' 
strumenls  immediately  svbservienf  to  the  purposes  of  astro- 
nomy. A  man  very  naturally  will  set  a  value  upon  a  thin| 
on  wliich  so  much  of  his  life  has  been  expended  ;  and  I  shall 
readily,  therefore,  be  pardoned  for  sayino;,  that  considering 
some  attainments  which  I  liave  made  on  this  subject  as  too 
valuable  to  be  lost,  and  being  encouraged  also  bv  the  de- 
gree of  attention  which  the  Royal  Society  has  ever  paid  to 
practical  subjects,  1  feel  myself  ambitious  of  presenting  them 
to  the  public  through  what  I  deem  the  most  respectable 
channel  in  the  world. 

It  was  as  early  as  the  year  1775,  beina  then  apprentice  to 
my  brother,  the  late  Mr.  John  Troughton,  that  the  art  of 
dividing  had  become  interesting  to  me  ;  the  studv  of  astro- 
nomy was  also  new  and  fascinating;  and  I  then  formed  the 
resolution  to  aim  at  the  nicer  parts  of  my  profession. 

At  the  time  alluded  to,  my  brother,  in  the  art  of  dividing^ 
was  justly  considered  the  rival  of  Ramsden  ;  but  he  was  then 
almqst  unknown  beyond  the  narrow  circle  of  the  mathema- 
tical and  optical  instrument  makers;  for  whom  he  was 
chiefly  occupied  in  the  division,  by  hand,  of  small  astrono- 
mical quadrants,  and  Hadlev's  sextants  of  larsre  radius. 
Notwithstanding  my  own  employment  at  that  time  was  of  a 
much  inferior  nature,  yet  I  closely  inspected  his  work,  and 
tried  at  leisure  hours  on  waste  materials  to  imitate  it.  WitJi 
as  steady  a  hand,  and  as  good  an  eye,  as  young  men  gene- 
rally have,  I  was  much  disappointed  at  finding,  that  after 
having  made  two  points,  neat  and  small  to  my  liking,  I 
could  nt)t  bisect  the  distance  between  them,  without  enlarg- 
ing, displacing,  or  deforming  them  with  the  points  of  the 
compasses.  This  circumstance  gave  me  an  early  dislike  to 
the  tools  then  in  use;  and  occasioned  me  the  more  uneasi- 
ness, as  I  foresaw  that  it  was  an  evil  which  no  practice, 
care,  nor  habit  could  entirely  cure.  Beam-compasses, 
spring- dividers,  and  a  scale  of  equal  parts,  in  short,  appeared 
to  me  little  better  than  so  many  sources  of  mischief. 

I  had  already  acquired  a  good  share  of  dexterity,  as  a  ge- 
neral workman.     Of  the  different  branches  of  our  art,  that, 
of  turning  alone  seemed  to  me  to  border  on  perfection.  This 

juvenile 
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juvenile  conceit,  fallacious  as  I  afterwards  found  it,  fur- 
nished the  first  train  of  thoughts,  which  led  to  the  method 
about  to  be  described  ;  f(jr  it  occurred  to  nne,  that  if  I  could 
bv  any  means  apply  the  principle  of  turning  to  the  art  of 
dividing;  instrument?,  the  tools  liable  to  objection  might  be 
dispensed  with.  The  means  of  doing  this  was  first  sug- 
gested, by  seeing  the  action  of  the  perambulator,  or  mea- 
suring wheel ;  the  surUce  of  the  earth  presentinii  itself  as  the 
eilge  of  the  instrument  to  be  divided,  and  the  wlieel  of  the 
perambulator  as  a  narrow  roller  acting  on  that  edge;  and 
hence  arose  an  idea  that  some  easy  contrivaace  might  be  de- 
vised, for  marking  off  the  revolutions  aii<J  parts  of  tne  roller 
upon  the  instrument.  Since  the  year  above  mentioned,  se- 
veral persons  have  proposed  to  me,  as  new,  dividing  by  the 
roller,  and  1  have  been  told,  that  it  also  occurred  long  ago 
to  Hook,  Sisson,  and  others;  but,  as  Hatton  on  watch- 
making savs,  *'  1  do  not  consider  the  man  an  inventor, 
who  merely  thinks  of  a  thing;  to  be  an  inventor,  in  my 
opinion,  he  must  act  successfullv  upon  the  thought,  so  as 
to  make  it  useful."  I  had  no  occasion,  however,  to  have 
made  an  apology  for  acting  upon  a  thought,  which,  un- 
known to  me,  had  been  previously  conceived  by  others ;  for 
it  will  be  seen  in  the  sequel,  how  little  the  roller  has  to  db 
in  the  result,  and  with  what  extreme  caution  it  is  found 
necessary  to  employ  it. 

When  a  roller  is  properly  proportioned  to  the  radius  of^ 
the  circle  to  be  divicied,  and  with  its  edge  made  a  small 
matter  conical,  so  that  one  side  niay  bi-  too  great,  and  the 
other  side  too  little,  it  may  be  adjusted  so  exactly,  that  it 
may  be  carried  several  tunes  around  the  circle,  without 
the  error  of  a  single  second;  anrl  it  acts  with  so  rriuch 
steadiness,  that  it  mav  nni  unaptly  be  considered  as  a  wheel 
and  pinion  of  indefinittiv  high  numbers.  Yet,  such  is 
the  imperfection  of  the  edges  of  the  circle  and  roller,  that, 
when  worked  with  the  greatest  care,  the  intermediate  parts, 
on  a  radius  of  two  feet,  will  sometimes  be  unequal  to 
the  value  of  half  a  minute  or  more.  After  having  tound 
the  terminating  point  of  a  quadrant  or  circle  so  perma- 
nent, although  I  was  not  prepared  to  expect  perfect  equa- 
lity throughout,  yet  I  was  much  mortified  tfe  find  the 
errors  so  great,  at  least  ten  times  as  much  as  I  expected  ; 
which  fact  indicated,  bevond  a  doubt,  that  if  the  roller 
is  to  be  trusted  at  all,  it  must  only  be  trusted  through  a 
very  short  arc.  Had  there  been  any  thing  slippery  in  the 
action,  which  would  have  been  indicated  by  measuring  tlie 
same  part  at  difltrent  times  differently,  there  would   hax-e 
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been  an  end  of  it  at  once  ;  but,  that  not  being  the  case  In 
anv  sensible  degree,  the  roller  becomes  an  usetul  auxiliary 
to  fill  up  short  intervals,  whose  liniiis  have  been  corretttd 
by  more  certain  means*. 

I'ird,  who  enjoyed  the  undisputed  reput^ition  of  being  the 
most  accurate  divider  of  the  age  in  which  he  lived,  was  the 
first  who  contrived  the  means  lutw  to  render  the  usual  divi- 
sions of  the  quadrant  bisecHonal  :  which  property,  except 
his  being  unusually  careful  in  avDiding  the  eflects  of  unequal 
expansion  from  change  of  temperature,  chiefly  distinguished 
his  method  fr  >m  others  who  divided  by  hand.  This  desi- 
rable object  he  accomplished  by  the  use  which  he  made  ot  a 

•  There  are  two  things  in  the  foregoing  account  of  the  action  of  the  roller 
which  have  a  tendency  to  excite  siirpri'.e.  The  first  is,  that  the  roller  shtmltl, 
in  dilTerent  parts  of  its  journev  round  the  circle,  me<!siire  the  latter  so  difFe- 
reni.lv.  One  would  not  wonder,  however,  if  in  taking  the  measure  across  a 
paupliCd  tield,  it  should  be  lound  ditTerc-nt  to  a  parallel  measure  taken  upon 
agra\el  walk;  and,  in  my  optnion,  the  cases  are  not  very  dissimilar.  Poro- 
sity of  the  metal,  in  one  part  of  the  circle  more  than  in  the  other,  must  evi- 
dently have  the  same  effect;  brass  unhamnrered  is  always  porous;  and  the 
part,  which  has  felt  the  effect  of  two  blows,  cannot  be  so  dense  as  other  parti 
which  have  tclt  the  effect  of  three ;  and,  should  the  edge  of  the  circle  be  in- 
dented by  ja:ring-lur)n7'g:,  it  wnuld  pniduce  a  visible  similitude  to  ploughed 
ground.  Every  workman  must  be  sufficiently  upon  his  guard  against  such  a 
palpable  source  of  error  ;  yet,  perhaps  with  our  greatest  care  we  may  not  be 
able  to  avoid  it  altogether.  1  he  second  is,  that  notwithstanding  the  ine- 
quality above  mentioned,  the  roller  having  reached  the  point  upon  the  circle 
from  whence  it  set  out,  should  perform  a  second,  third,  &c.,  course  of  revo- 
lutionp,  without  any  sensible  deviation  from  its  former  track ;  this  is  not  per- 
h.ips  so  easily  accounted  for.  It  must  be  nientioned,  that  the  exterior  border 
of  the  circle  thoiJd  be  tunwd  rounding,  prcsentirg  to  the  roller  a  convex  edge, 
•whose  radius  of  curvature  is  not  grer-.er  than  one-tenth  of  an  inch.  Now, 
were  the  materi.ls  perfectly  inelastic  and  inipenetrable,  the  roller  could  only 
touch  the  circle  In  z  pouii,  and  in  passing  rou.nd  the  circle,  it  could  only  oc- 
cupy a /i«e  of  contact.  This  in  praciice  is  not  the  case;  the  circle  always 
marks  the  rclier  with  a  broad  list,  and  tliercby  shows  that  there  is  a  yielding 
between  them  to  a  considerable  am.ount.  The  breadth  of  this  list  is  not  less 
than  one-fifticth  of  an  inch  ;  and  it  follows,  that  at  least  12"  of  the  circle's 
edg^  must  be  in  contact  at  the  same  time;  that  the  two  surfaces  yield  to  each 
other  in  depth,  by  a  quantity  equal  to  the  vrr.  sin.  of  half  that  arc,  or  -,i"j;c'h 
of  .in  inch;  and  that  the  circle  has  always  hold  of  the  roller  by  nearly  1°  of 
the  edge  of  the  latter.  M'hcever  has  exaniined  the  surfxces  of  metals  which 
h.ive  rolled  against  each  other,  must  have  observed  that  peculiar  kind  of  in- 
dentation that  always  rrconpiinies  their  action;  and  there  can  be  no  doubt 
that  the  particles  of  a  roller,  and  those  of  the  surface  on  which  it  acts,  which 
jnutually  irident  each  oilier,  will,  upon  a  second  course  begun  from  the  same 
point,  indent  each  other  deeper  :  this  is  not,  however,  exactly  the  case  in 
question;  for,  wliatever  of  li:ting  might  have  taken  place  between  the  sur- 
faces of  our  roller  and  circle  in  the  first  revolution  of  the  former,  one  should 
i.Tiagine  would  be  obliterated  by  the  fifteen  turns  which  it  must  repeat  over 
fresh  ground.  Experience  shows,  however,  as  every  one  will  find  who  tries 
the  experiment  with  good  work,  that  on  coming  round  to  the  point  of  com- 
mencement, the  roller  has  the  di.sposition  to  regain  its  former  track;  for, 
were  this  not  the  ca:e,  although  the  commensurate  dian;eter3  were  adjusted 
so  exactly  a»  to  be  without  sensible  error  in  one  course,  yet  a  less  error  than 
that  wliich  is  so  would  become  visible,  v.heu  repeated  thrcugh  m.^ny  course.'. 

finely 
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finely  dividetl  ?cale  of  equal  parts.    The  thing  aimed  at  waa, 
to  obtain  a  point  upon   the  arc   at   the   highest   hisectional 
mnnber  of  divisions  from  0,  which  in  his  eight  feet  quadrants 
vas  1024.  =  83''  2u'.     The  extent  of  the  l)eani  compasses, 
with  which  he  tractd  the  arc  upon  the  Hmb  of  the  instrument 
to  be  tiivided,  being  set   of]'  upon    that  arc,  gave  the  points 
0'  and  eo'';  which,  being  bisected,  gave  30**  more  to  com- 
plete the  total  arc.  A  second  order  ot  bisections  gave  points 
at  15°  distance  from  each  other;  but  that  which  denoted  73* 
was  most  useful.     Now,  from  the  known  length  of  the  ra- 
dius, as  measured  upon  the  scale,  the  length   of  the   chord 
of  10'  20'  uas  coiTiputcd,  taken  off  from  The  scale,  and  pro- 
tracted from  75=  forwards;  and  the  chord  of  4''  40',  being 
ascertained  in  the  same  manner,  was  set  off  from  90"-'  back- 
wards, meeting  the  chord  of  10^  20'  in  the  continually  hi- 
sectional arc  of  65^  20'.     This  point  being  found,  the  work 
was   carried   on  bv  bisections,  and  the  chords,  as  they  be- 
came small  enough,  were  set  off  beyond  this  point  to  supply 
the  remainder  of  the  quadrantal  arc.     My  brother,  whom  I 
mentioned  before,  from  mere  want  of  a  scale  of  equal  parts 
upon  which  he  could  rely,  contrived  the  means  of  dividing 
bisectionally  without  one.  His  method  T  will  briefly  state  as 
follows,   in   the  manner  which   it   would  apply  to  dividing 
a  mural  quadrant.     The  arcs  of  60' and  30°  give    the   total 
arc  as  before;  and  let  the  last  arc  of  30''  be   bisected,  also 
the  last  arc  of  IS**,  and  again  the  last  arc  of  7°  30'.     The 
two  njarks  next  C0°  will  nbw  be   62'  30'  and  86''  15',  con- 
seque'iitly  the  point  sought   lies   between  them.     Bisections 
will  serve  us  no  longer;  but   if  we  divide  this  space  equally 
into  three  parts,  thcniost  forward  of  the  two   intermediate 
marks  will  give  us  85'^',  and  if  we  divide  the  portion  of  the 
arc  between  this  mark  and  86''  15'  also  into  three,  the  most 
backwardof  the  two  marks  will  denote  85°  25'.     Lastly,  if 
we  divide  any  one  of  these  last  spaces  into  five,  and  set  off 
one  of  these  fifth   parts  backwards   from  85°  25',  we  shall 
have  the  desired  point  at  1024  divisions  upon  the  arc  from  0'. 
All   the  rest  of  the  divisions  wdiich  have  been  made  m  this 
operation,  which  I  have  called  marks  because   they   should 
be  made  as  faint  a-~.  possible,  must  be  erased  ;  for  my  bro- 
ther would  not  suffer  a  mark  to  remain  upon  the  arc  to  in- 
terfere with  his  future  bisections. 

Mr.  Smeaton,  in  a  paper  to  be  more  particn1?.rlv  noticed 
presently,  justly  remarks  the  want  of  a  mntv  of  princij)le  in 
Mr.  Bird's  method  ;  for  he  proceeds  panlv  on  the  ground  of 
the  protracted  radius,  and  partly  upon  that  of  the  com|)Uied 
chord;  which,  as  Smeaton  observes,  may  or  mav  not  agree. 

F3  '        '  Bird, 
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Bird,  without  doabt,  used  the  radius  and  its  parts  in  order  to 
secure  an  exact  quadrant ;  but  Smcaton,  treating  exactness 
in  the  total  arc  as  of  little  value  to  astronomy,  would,  in 
order  to  secure  the  more  essential  property  of  t'(]uality  of  di- 
visioUj  reject  the  radius  altogether,  and  proceed  entirely 
upon  the  simple  principle  of  the  computed  chord.  The 
means  pursued  by  my  brother,  to  reach  the  point  which 
terminates  the  great  bisectional  arc,  is  the  only  part  in  whiph 
it  differs  from  Bird's  method  ;  and  I  think  it  is  without 
prejudice  that  I  give  it  the  preference.  It  is  obvious  that  it 
is  as  well  calculated  to  procure  equality  of  division,  as  the 
means  sujigested  by  Smcaton  ;  at  the  same  time  that  it  is 
equal  to  Bird's  in  securing  the  precise  measure  of  the  total 
arc.  It  proceeds  entirely  upon  the  principle  of  the  pro- 
tracted chord  of  60°  and  its  subdivi-  ion ;  and  the  uncer- 
tainty, which  is  introduced  into  the  work  by  the  sparing  use 
which  is  made  of  subdivision  by  3  and  5,  is,  in  my  opinion, 
likely  to  l^e  much  exceeded  by  the  errors  of  a  divided  scale*, 
and  those  of  the  hand  and  eye,  in  taking  off  the  computed 
chords,  and  applying  them  to  the  arc  of  the  instrument  to 
i)e  divided. 

Ramsden's  well  known  method  of  dividing  by  the  engine 
unites  so  much  accuracy  and  facility,  that  abetter  can  hardly 
be  wished  for ;  and  I  may  venture  to  say  that  it  will  never 
be  superseded,  in  the  division  of  instruments  of  itwderate 
radii.  It  was  well  suited  to  the  time  in  which  it  appeared; 
a  time  when  the  improvements  made  in  nautical  astronomy, 
and  the  growing  commerce  of  our  country,  called  for  a 
number  of  reflecting;  instruments,  \\hich  never  could  have 
been  supplied,  had  it  been  necessary  to  have  divided  them 
by  hand  :  however,  as  it  only  applies  to  small  instruments, 
it  hardly  com^y^  within  the  subject  of  this  paper. 

7^he  method  of  Hindley,  as  described  by  Smeaton  f,  I  will 
venture  to  predict  will  never  be  put  in  practice  for  dividing 
astronomical  instruments,  however  applicable  it  might  for- 
merly have  been  for  obtaining  numbers  for  cutting  clock- 
work, for  which  {.urpose  it  was  originally  intended.  It  con- 
sists of  a  train  of  violent  operations  with  blunt  tools,  any 
one  of  which  is  sufficient  to  stretch  the  materials  beyond,  or 
press  them  within  their  natural  state  of  rest ;  and,  although 
the  whole  is  done  by  contact,  the  nature  of  this  contact  is 
such  as,  I  think,  ought  rather  to  have  been  contrasted  with, 
than  represented  as  being  similar  to,  the  nature  of  the  con- 

*  Tliat  Bird's  scale  was  not  without  considerable  errorS;  will  be  shown  to- 
wards the  end  of  this  paper, 
-f  rhilosonhical  Traiisac^ioiis  for  1788. 

tact 
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tact  used  in  Smeaton's  pyrometer,  which  latter  is  perFormed 
by  the  most  delicate  touch ;  and  is  represented,  I  beheve 
justly,  to  be  sensible  to  the  ^^,  j,^-oth  part  of  an  inch.  Smear 
Ion  has,  however,  acquitted  himself  well,  in  describing  and 
improving  the  method  of  his  friend  ;  and  the  world  is  par- 
ticularly obliged  to  him  fir  the  historical  part  of  his  pajier, 
as  it  contains  valuable  information  which  perhaps  no  one 
else  could  have  written. 

The  only  method  of  dividing  large  instruments  now  prac- 
tised in  London,  that  I  know  of,  besides  my  own,  has  not 
yet,  I  believe,  been  made  public.  It  consists  in  dividing  by 
hand  with  beam  compasses  and  spring  dividers,  in  the  usual 
way;  with  the  addition  of  e.xan>ining  the  work  by  micror 
scopes,  and  correcting  it,  as  it  proceeds,  bv  pressing  for- 
wards or  backwards  by  hand,  with  a  fine  conical  point,  those 
dots  which  appear  erroneous ;  and  thus  adjusting  them  to 
their  proper  places.  The  method  admits  oF  considerable  ac- 
curacy, provided  the  operator  has  a  steady  hand  and  good 
eye;  but  his  work  will  ever  he  irregular  and  inelegant.  He 
must  have  a  circular  line  passing  through  the  middle  of  his 
dots,  to  enable  him  to  make  and  ketp  them  at  an  equal  di- 
stance from  the  centre.  The  bisectional  arcs,  also,  which 
cut  them  across,  deform  them  much ;  and,  what  is  worse, 
the  dots  which  require  correction  (about  two  thirds  perhaps 
of  the  whole)  will  become  larger  than  the  rest,  and  une- 
qually so  in  proportion  to  the  number  of  attempts  which 
have  been  found  necessary  to  adjust  them.  In  the  course 
of  which  operation,  son^e  of  them  grow  insufferably  too 
-large,  and  it  becomes  necessary  to  reduce  them  to  an  equality 
with  their  neiiilibours.  This  is  d«Mie  with  the  burnisher,  and 
causes  a  hollow  in  the  surface,  which  has  a  very  disagreeable 
appearance.  Moreover,  dots  which  have  been  burnished  up 
are  always  ill-defined,  and  of  a  bad  figure.  Sir  George 
Shuckburgh  Evelyn,  in  his  paper  on  the  Equatorial*,  de- 
nominates these  "  doubtful  or  bad  points;"  and  (consider- 
ing the  few  places  which  he  examines)  thev  bear  no  incon- 
siderable proportion  to  the  whole.  Tn  mv  opinion,  it  viould 
be  a  great  improvement  of  this  method,  to  divide  the  whole 
by  hand  at  once,  and  aiierwards  to  correct  the  whole;  for  a 
dot  forced  to  its  place,  as  above,  will  seldom  allow  the  com- 
pass-point to  rest  in  the  centre  of  its  apparent  area  :  there- 
fore other  dots  made  from  those  will  scarce'y  ever  be  foimd 
in  their  true  places.  This  improvement  also  prevents  the 
corrected  dots  from  being  injured,  or  moved,  by  the  future 

*  rh-vlosophical  Transactions  for  17D3, 
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application  of  the  compasses,   no    such  application  being 
necessary. 

i  V.  ill  nov\  dismiss  this  method  of  dividinc;,  with  ohscrving, 
that  it  is  ttdious  in  the  extreme;  and  did  I  not  know  the 
contrary  beyond  a  doubt,  I  should  have  supposed  it  to  have 
surpassed  the  utmost  limit  of  human  patience*.  When  I 
made  my  first  essay  at  subdividing  with  the  r;)ller,  I  used 
this  meth(-J,  according  to  the  improvement  suggested  above, 
of  corrcclini!;  a  few  primitive  points;  biit  even  this  was  too 
slow  for  one  who  had  too  much  to  do.  Perhaps,  hcnvevcr, 
h(id  my  in^iruments  been  divided  for  me  bv  an  assistant,  I 
might  not  have  grudged  to  have  paid  him  for  the  labour  of 
going  through  the  whole  work  by  the  method  of  adjustment  j 
iior  have  felt  the  necessity  of  contriving  a  better  way. 

I  might  now  extend  the  acccuntof  my  method  of  dividing 
to  a  gre:\t  length  ;  by  relating  the  alterations  which  the  ap- 
paraiUf  has  undi-re;one  daring  a  lonfr  course  of  years  fj  ^od 
the  various  manner  of  its  application,  before"!  brought  it  to 
its  present  state  of  improvement ;  but  I  think  I  may  save 
myself  that  Jrouble,  for  truly  1  do  not  see  its  use  :  I  will, 
therefore,  proceed  immediately  to  a  disclosure  of  the  me- 
thod, as  practised  on  a  late  occasion,  in  the  dividing  of  a 
four  Icet  meridian  circle,  now  the  property  of  Stephen 
Grf)ombridgej  esq.,  of  Blackheath. 

The  surface  of  the  circle  which  is  to  receive  the  dixisions, 
as  well  as  its  inner  and  outer  edges,  but  especially  the  latter, 
should  be  turned  in  the  most  exaci  and  careful  manner;  the 
reason  for  which  will  be  better  understood,  when  we  come 
to  describe  the  mode  of  applying  the  roller :  and,  as  no  pro- 
jection can  be  admitted  beyond  the  limb,  if  the  t^escope,  as 
is  generally  the  case,  be  longer  than  the  diameter,  those 
parts  which  extend  further  must  be  so  applied,  that  they 
may  be  removed  during  the  opciation   of  dividmg.     Fig.  I 

*  At  the  time  alluded  to,  the  double  microscopic  mirroraeter  was  unknown 
to  me,  and  I  did  not  learn  its  use,  for  these  puiposes,  till  the  year  I7i>0,  from 
gci^er.il  Roy's  detcription  of  the  large  theodolite.  Previous  to  that  time,  I 
had  used  a  frame  which  carried  a  single  wire  very  near  the  suriac£  to  be  di- 
vided ;  this  wire  was  moveable  by  a  fine  n^icrometer  screw,  and  was  viewed 
bv  a  siu'^le  lens  inserted  in  the  lower  end  of  a  tube,  which,  for  the  purpose 
of  taking  oir  the  parailax,  was  four  iuches  long.  The  greatest  objection  to 
this  mode  of  constructing  the  apparatus  is,  that  the  v.'ire  being  necessarily 
CTOOsed,  is  apt  to  gather  up  the  dust;  yet  it  is  preferable  to  the  one  now  in 
use,  in  ca >:es  where  any  doubt  i>  entertained  of  the  accuracy  of  the  plane  which 
is  to  receive  the  divisions. 

f  The  full  conception  of  the  method  had  occupied  my  mind  in  the  year 
1778;  but  as  my  brother  could  not  be  readily  persuaded  to  relinquish  a 
branch  of  the  business  to  me  in  whicnhe  himself  excelled,  it  was  not  uutil 
September  1785  that  I' produced  my  first  specimen,  by  dividii:gan  astronomi- 
cal quadrant  of  two  feet  radius. 

and 
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and  2  represent  the  principal  parts  or  the  apparatus;,  fig".  I 
shouin^  the  plan,  and  Sti.  2  ihe  elevation  ;  in  both  of  which 
the  same  letters^  of  rciertnce  are  affixed  to  corresponding 
pans,  and  both  are  drawn   to   a  scale   of  haii   dimensions. 
A  A  is  a  part  of  ilie  circle,  the  surface  of  uhich    is  set^n  in 
the  plan,  and  the  edge  is  .seen  \n  the  elevaiion.   BB  B  is  ihc 
main  plate  of  tlie  ajiparatns,  resting;  wilh  its  four  ftct  a  a  an 
upon  the  surface  ot  the  arc;  tliese  feet,  being  screws,  mav 
be  adjusted  -so  as  to  take  equal  shart  s  of  ihe  weight,  and  then 
are   fastened  by  nuts  below  ihe  plate,  as  sliovvn  in  fio[.  2. 
CC  and  EXD  a>e   two  smiilar  plates,  each  attached  io  the 
main  plate,  one  above  and  the  other  below,  bv  ibur  piJiar^; 
and  in  them  are  centred  the  ends  of  the  axis  of  tlie  ruli  r  E. 
F  and  G  are  two  friciion  whctls,  the  lalter   fiimlv   fastened 
to  B,  but    the  forn)€r  is  fixed   in  an   adjustable  frame,  bv 
KieaiiSof  which  adjuslm;.nt  these  wheels,  and   tlie  rol'er  E 
may  be  made  to  press,  the  former  on   tlic  interior,  a«d  the 
latter  on  tl>e  exterior  edge  of  the  circle,  with  an  tvj'M;  ai.d 
convenient  force*.     At   the   extremities  of  jhe  aX'?.  -f  the 
roller,  and  attached  to  the  middle  of  ilie  plates  C  anu  D,  are 
two  bridges,,  having  a  screw  in  each  ;  bv  ineaivsof  whicn  an 
acijusiment  is  p.rocured  for  raising  or  Kiwerin^  the  roller  le- 
speciing  the  edge  of  the  circle,  whereby  the  former,  having 
irs  dianiL-ter  at  the  upper  edge  about  -OOi  of  an  inch  areaur 
than  at  the  lower  edge    fhcing,  as  before  described,  a  1  ttla 
conical),  it  n)ay  ta-sily  be  brought  to   tr.e   position  where  it 
will  measure  the  proper  portion  of  the  circle. 

Much  experience  and  thougkt  tipou  the  si:!ject  have 
taught  me,  that  the  roller  shoufd  be  equal  to  one  sixteenth 
part  of "  the  circle  to  be  divided,  or  that  it  should  revolve 
once  in  2^2="  30' ;  and  that  the  roller  itself  should  be  divided 
into  sixteen  parts;  no  matter  whether  with  .':..)SoUue  tiuth, 
for  accuracy  is  not  at  all  essential  here.  Each  ot  such  divi- 
sion? of  the  roller  will  correspond  wiih  an  asit^le  upon  the 
circle  of  1°  24'  22''-5,  or^f^^th  part  of  the  circle.  Tnis  num- 
ber of  principal  divisions  was  chosen,  on  accouiu  of  iis  beincr 
capable  of  continual  bisection  ;  but  tiiev  do  not  tali  in  with 
the  ultimate  divisions  of  the  c.rcle,  which  are  intended  lO 
be  equal  to  5'  each. 

The  next  thing  to  be  considered  is,  how;  to  make  the  roller 
measure  the  circle.  As  tv.o  microscopes  are  here  necessar-/, 
and  those  which  I  use  are  very  simple,  I  will   in  this  place 

*  Sufficient  sprinp:  for  keeping  the  roller  in  close  and  uniform  contact  with 
the  edge  of  the  circle,  i«  found  ia  the  appariU'is,  without  any  particular  cm-' 
trivance  for  that  purpose  ;  the  bending:  of  the  pillars  of  the  sec'ondarv  fram« 
aud  of  the  axis,  of  ihc  roller,  cLieHy  supplici  riiis  property.  ' 

dve 
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give  a  description  of  them.  Fig.  6  is  a  section  of  the  full 
size,  and  sufficiently  explains  tht;ir  construction^  and  the 
pn.siti.)n  ot"  the  glasses ;  but  the  micrometer  [)art  and  man- 
ner of  mounting  it,  are  better  shown  at  H,  in  (Is;.  1  and  2. 
The  micrometer  part  consists  of  an  oblong  square  frame, 
which  is  soldered  into  a  slit,  cut  at  right  angles  in  the  main 
tube  ;  another  similar  piece  nicely  fitted  into  the  former, 
and  having  a  sniall  motion  at  right  an2;les  to  the  axis  of  the 
microscope,  has  at  one  end  a  cylindrical  guide  pin,  and  at 
the  other  a  micrometer  screw  ;  a  spring  of  steel  wire  is  also 
applied,  as  seen  in  the  section,  to  prevent  play,  by  keeping 
the  head  of  the  micrometer  in  close  contact  with  the  fixed 
frame.  This  head  is  divided  into  one  hundred  parts,  which 
are  numbered  each  way  to  50 ;  the  use  of  which  will  be 
shown  hereafter.  A  fine  wire  is  stretched  across  the  move- 
able frame,  for  the  purpose  of  bisecting  fine  dots.  Two  of 
these  microscopes  are  necessary;  also  a  third,  which  need 
not  have  the  divided  head,  and  n)ust  have  in  the  moveable 
frame  two  wires  crossing  each  other  at  an  angle  of  about  30'': 
this  n)icroscope  is  shown  at  I,  fig.  1.  In  the  two  first  mi- 
ciometers,  a  division  of  the  head  is  of  the  value  of  about 
O  '2,  and  the  power  and  distinctness  such,  that  when  great 
care  is  taken,  a  much  greater  error  than  to  the  apnount  of 
one  of  these  divisions  cannot  well  be  committed  in  setting 
the  wire  across  the  image  of  a  well  made  dot.  The  double 
eye-olass  has  a  motion  by  hand,  for  producing  distinct  vision 
of  the  wire;  and  distinct  vision  of  the  dots  is  procured  by  a 
similar  adjustment  of  the  whole  microscope. 

The  first  step  towards  sizing  the  roller,  is  to  compute  its 
diameter  according  to  the  measure  of  the  circle,  and  to  re- 
duce it  agreeably  thereto,  taking  care  to  leave  it  a  small 
matter  too  lar^e.  The  second  step  is,  after  having  brought 
the  roller  into  its  place  in  the  plate  B  E,  to  make  a  mark 
upon  the  surface  of  the  circle  near  the  edge,  and  a  similar 
one  upon  the  roller,  exactly  opposite  each  other;  then  carry 
the  apparatus  forward  with  a  steady  hand,  until  the  roller 
has  made  sixteen  revolutions.  If,  now,  the  mark  upon  the 
roller,  by  having  overreached  the  one  upon  the  circle,  shows 
it  to  be  n)uch  too  large,  take  it  out  of  the  frame  and  reduce 
it  by  turning  accordingly:  when,  by  repeating  this,  it  is 
fomid  to  be  very  nc?'-,  it  may  be  turned  about  -001  of  an 
inch  smaller  on  the  lower  edge,  and  so  far  its  preparation  is 
completed.  The  third  and  last  step  is,  the  use  and  adapta- 
tion of  the  two  microscopes;  one  of  these  must  take  its  po- 
sition at  H  in  fitr.  1,  viewing  a  small  well-defined  dot  made 
for  the  purpose  on  the  circle  3  the  other,  not  represented  in 
S  lh« 
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♦he  ficure,  must  also  be  fixed  to  the  main  plate  of  fig.  1,  as 
near  [^  luo  former  as  possible,  but  viewing  onj  of  the  divi- 
sions on  the  roller.  With  a  due  attention  to  each  micro- 
scope, it  will  now  hf  een  to  the  greatest  exa-'ne—-  v\hen, 
bv  raising  or  depressing  the  roller,  us  conimt.  >arate  diame- 
ter is  found. 

Fig.  3  is  a  represertation  of  the  apparatus  tor  transferring 
the  divisions  of  the  roller  to  the  circle.  It  consists  of  two 
slender  bars,  which,  being  seen  edgewise  in  the  figure,  have 
only  the  appearance  of  narrow  lines;  but,  when  looked  at 
from  above,  they  resemble  the  form  rf  the  letter  A.  They 
are  fastened  to  the  mam  franie,  as  at  W  and  Z.  by  short 
pillars,  having  also  the 'tr  leg  oi  the  angle  secured  in  the 
sauie  manner  i  Y  is  a  h-.e  conical  steel  point  for  iiiak-'iir  the 
dots,  and  X  is  a  feeler,  whereby  the  point  Y  may  be  pressed 
down  with  a  uniform  lorce,  which  force  may  be  adiusied, 
by  bending  the  end  of  the  bar  just  above  the  point,  so  as  to 
make  the  dots  of  the  proper  size.  The  piint  Y  yields  most 
readdv  to  a  perpendicular  action  ;  but  is  amply  secured  against 
any  eccenlric  or  lateral  deviation. 

The  apparatus,  so  far  described,  is  complete  for  layins*- 
our  foundation,  i.e.  making  256  primary  dots;  no  matter 
whether  with  perfect  truth,  or  not,  as  was  said  respeciino-  the 
divisions  of  the  roller;  precision  in  either  is  not  to  be  ex- 
pected, nor  wished;  but  it  is  of  some  importance,  that  they 
should  be  all  of  the  same  size,  concentric,  small,  and  round. 
They  should  occunv  a  position  very  near  the  extreme  border 
of  the  circle,  as  well  to  give  them  the  greatest  radius  pos- 
sible, as  that  there  should  be  room  for  the  stationary  mi- 
croscope and  othe  mechanism,  which  will  be  described 
hereafter. 

It  uuist  be  noticed,  tiiat  there  is  a  clamp  and  adjustino- 
screw  attached  to  the  main  plate  of  fig.  1  ;  but,  as  it  differs 
in  no  respect  from  the  usual  contrivances  for  quick  and  slow 
motion,  it  has  been  judged  unnecessary  to  incumber  the 
drawing  with  it. 

ISow,  the  roller  having  been  adjusted,  with  one  micro- 
scope H  upon  its  proper  dot  on  the  circle,  and  the  other  mi- 
croscope at  the  first  division  on  the  roller  ;  place  the  appa- 
ratus of  fig.  3  so  that  the  dotting  point  Y  may  stJnd  dixectly 
over  the  place  which  is  designed  tor  the  beginning  of  the  di- 
visions. In  this  position  of  things,  let  the  feeler  X  be  pressed 
down,  until  its  lower  end  comes  in  contact  with  the  circle; 
this  will  carry  down  the  point,  and  make  the  first  impres- 
sion, oT  primary  dot,  upon  the  circle  ;  unclamp  the  appa- 
ratus, and  carry  it  forv\ards  by  hand,  until  another  division 

of 
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of  the  roller  come?  near  the  wire  of  the  microscope  ;  then 
clrmi))  it,  and  with  the  screw  motion  mike  the  coincidence 
complete;  where  again  press  upon  thefecler  for  the  second  dot : 
procet'd  in  this  manner  until  the  whole  roniid  is  completed. 

From  these  236  erroneous  divisions,  by  a  certain  course  of 
examination,  and  by  computation,  -to  ascertain  their  abso- 
lute and  individual  errors,  and  to  form  ihcse  errors  into  con- 
venient tables,  is  the  next  part  of  the  process,  and  makes  a 
verv  important  branch  of  my  method  of  dividing. 

The  apparatus  must  now  be  taken  otF,  and  the  circle 
mounted  in  the  sairie  manner  that  it  will  be  in  the  obser- 
vatory. The  two  microscopes,  which  have  divided  heads, 
must  also  be  firmly  fixed  to  the  support  of  the  instrument, 
on  opposite  sides,  and  thtir  wires  brought  to  bisect  the  first 
.dot,  and  the  one  vvhich  should  be  180*^  distant.  Now,  the 
jidcroscopes  remaining  fixed,  turn  the  circle  half  round,  or 
until  the  first  microscope  coincides  with  the  opposite  dot  ; 
and,  if  ihe  other  microscope  be  exactly  at  the  other  dot,  it 
is  obvious  that  these  dots  are  180°  apart,  or  in  the  true  dia- 
meter of  the  circle ;  and  if  they  disagree,  it  is  obvious  tiiat 
half  the  quantity  by  which  they  disagree,  as  measured  by 
the  divisions  of  the  micrometer  head,  is  the  error  of  the  op- 
posite division;  for  the  quantity  measured  is  that  by  which 
the  2;reater  portion  of  the^'xrircle  exceeds  the  less.  It  is  con- 
venient to  note  these  errors  +  or  — ,  as  the  dots  are  found 
too  forward  or  loo  backward,  according  to  the  numbering  of 
the  deforces ;  and  for  the  purpose  of  distintiuishing  the  + 
and  —  epTOrs,  the  heads,  as  mentioned  before,  are  num- 
bered backwards  and  forwards  to  fifty.  One  of  the  micro- 
;sco[)es  remaining  as  before,  remove  the  other  to  a  position 
at  right  angles;  and,  considering  for  the  present  both  the 
former  dots  to  be  true,  examine  the  others  by  them  ;  i.  e.  as 
before,  try  by  the  micronjeter  how  many  divisions  of  the 
head  the  tircater  half  of  the  semi-circle  exceeds  the  less,  and 
note  half  the  quantity  -f  or  — ,  as  before,  and  do  the  s^me 
lor  the  other  semi -circle.  One  of  the  micronieters  must  now 
he  set  at  an  aiijile  of  43"  with  the  other,  and  the  half  dift'e- 
rences  of  the  two  parts  of  each  of  the  four  quadrants  regis- 
tered with  tlieir  respective  signs.  When  the  circle  is  a  ver- 
tical one,  as  in  the  present  instance,  it  is  much  the  best  to 
proceed  so  far  in  the  exatnination  with  it  in  that  position, 
for  fear  of  any  general  bending  or  spring  of  the  figure  ;  but, 
for  the  examination  of  smaller  arcs  than  43*^,  it  will  be  per- 
fectly safe,  and  more  convenient,  to  have  it  horizontal  ;  be- 
cause the  dividing  apparatus  will  then  carry  the  micrometers, 
several  perforations  being  nude  in  the  plate  B  for  tke  limb  to 

be 
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he  seen  ihrough  at  proper  intervals.  The  micrometers  must 
now  be  placed  at  a  distance  oF  2-2°  30',  and  the  halt'  difierences 
(.'t  the  parts  of  all  the  arcs  0^40"  measuYed  and  noted  as  be- 
fore ;  thus  descenditig  by  bisections  to  1  1*^  \b' ,  5°  57''  30", 
and  2^  48'  45".  Halt  this  last  quantity  is  too  sniall  to  allow 
the  micrometers  to  be  brousht  near  enough  ;  but  it  will  have 
the  desired  efl'cct,  if  they  are  placed  at  that  quantity  and  its 
half,  i.e.  4^  13'  7''5;  in  which  case  the  examination,  in- 
stead of  being  made  at  the  next,  will  take  place  at  the  next 
division  but  one,  to  that  which  is  the  subject  of  trial.  Du- 
ring the  whole  of  the  time  that  the  examinaiiou  is  made,  all 
the  dots,  except  the  one  under  examination,  are  for  the  pre- 
sent supposed  to  be  in  their  true  places;  and  the  only  thing 
in  this  most  important  part  of  the  business,  from  first  to  last, 
is  to  ascertain  with  t|ie  utmost  care,  in  divisions  of  the  mi- 
crometer head,  how  much  one  of  the  parts  of  the  interval 
under  examination  exceeds  the  other,  and  carefully  to  tabu- 
late the  half  of  their  difference. 

I  will  suppose  that  every  one,  who  attempts  to  divide  a 
large  astronomical  iustruir.ent,  will  have  it  engraved  first. 
Dividmg  is  a  most  delicate  operation,  and  every  coarser  one 
should  precede  it.  Besides,  its  being  numbered  is  particu- 
larly useful  to  distinguish  one  dot  from  another :  tljus,  in 
the  two  annexed  tables  of  errors,  the  side  columns  give  signi- 
ficant names  to  every  dot,  in  terms  of  its  value  to  the  nearest 
tenth  of  a  degree,  and  the  mistaking  of  one  for  another  is 
rendered  nearly  impossible. 

The  foregoing  examination  furnishes  materials  for  the 
construction  of  the  table  of  half  differences,  or  apparent 
errors*.  The  first  line  of  this  table  consists  of  two  varie- 
ties ;  i.  e.  the  micrometers  were  at  180"  distance  for  obtain- 
ing the  numbers  which  fill  the  columns  of  the  first  and  third 
quadrant ;  and  at  90"^,  for  those  of  the  second  and  Iburth 
quadrant.  The  ihird  variety  makes  one  line,  and  was  ob- 
tained with  a  distance  of  45*^:  the  fourth  consists  of  two 
lines,  with  a  distance  of  22^  30':  the  fifih  of  four  lines, 
with  a  distance  of  11='  13"  :  the  sixth  of  eight  lines,  with  a 
distance  of  5°  37' 30':  the  seventh  of  sixteen  lines,  with 
a  distance  of  2"*  48' 45":  and  the  eighth  and  last  variety, 
being  the  remainder  of  the  table,  consists  of  thirty-two  lines, 
and  was  obtained  with  a  distance  of  4'^  13'  7 ''5. 

The  table  of  appaient  errors,  or  half  difl^erences,  just  ex- 

*  If  the  table  of  real  errors  be  comouted  as  the  work  of  examination  pro- 
ceeds, there  will  be  no  cccasioa  fur  this  table  at  all ;  but,  Lihiuk  it  best  jTot 
to  let  one  part  interfere  with  another,  and  therefore  I  examine  the  whole 
bifore  I  begin  to  compuce. 

plained^ 
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plained,  furni-hes  data  for  computing  the  table  of  real  errors. 

The  rule  is  this  :   Let  o  he  the  real  error  of  ihe  preceding  dot, 

and  b  that  of  the  following  one,  and  c  the  apparent  error, 

taken  from  the  table  of  half  differences,  of  the  dot   under 

.         .    n-\-b  .  ^ 

investigntion  ;  Uien  is  -7—  -\-  c  =  its  real   error.     But,  as 

this  simple  expression  mav  not  be  so  generally  understood 
by  workmen  a^^  f  svish,  it  may  be  necessary  to  sav  the  same 
thino;  less  concisely-  If  the  real  errors  o!  the  preceding  and 
follovvino:  dots  are  both  +,  or  both  — ,  take  half  their  sum 
and  prefix  thereto  the  common  sicrn  ;  but,  if  one  of  them  is 
-|-,  and  the  other  — ,  take  half  their  difference,  prefixing 
the  sign  of  the  greater  quantity  :  again,  if  the  apparent  error 
of  the  dot  under  investioation  has  the  same  sign  of  the  quan- 
tity found  above,  give  to  their  sum  the  common  sign,  for 
the  real  error;  but  if  their  signs  are  contrary,  give  to  their 
difference  the  sign  of  the  greater  for  the  real  error.  I  add  a 
few  e.\an)ples. 

Bxamph  I. 
For  the  first  point  of  the  second  quadrant. 
Beal  error  of  the  first  point  of  the  first  quadant     -       O'O 
Real  errror  of  the  first  point  of  the  third  quadrant     —  6*9 
Half  sum  or  half  difl'erence  -  _  -       —  3*4 

Apparent  error  of  the  dot  under  trial  -     -f  12*2 

Real  error  _  _  _  _  -^    6*8 

Ex  can  pie  TI. 
For  the  point  43°  of  the  second  quadrant. 
Real  error  of  the  first  point  of  the  quadrant         -     +  R'S 
Real  error  of  the  last  point  of  the  quadrant         -     —  irO 
Half  difference  .  .  .  -     +0-9 

Apparent  error  of  the  dot  under  trial  -         -     —  8*9 

Real  error  -  -  -  _•         _     _  Q'O 

Example  III. 
Point  88°*6,  or  last  point,  of  the  third  quadrant. 
Real  error  of  the  point  84^*4  of  the  third  quadrant   —21-0 
Real  error  of  the  point  e^'S  of  the  fourth  quadrant  —  2*9 
Half  sum  -  -  -  -  —11-9 

Apparent  error  of  the  dot  under  trial  -  —   4-0 

Real  error  -  -  -  -  — lo"9 

Example  IV. 
Point  S8-'G,  or  last,  of  the  fourth  quadrant. 
Real  error  of  the  point  84^*4  of  the  iourth  quadrant  —-21  "6 
Real  error  gf  the  point  2°-8  of  the  first  quadrant      — 10-2 
Half  sum  -  -  -  -  —15-9 

Apparrent  error  of  the  dot  under  trial  -          +   9'5 

Real  error  -  -  -  -         —   C'4 

It 
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It  is  convenient,  in  the  formation  of  the  table  of  real  er- 
rors, that  they  should  be  inserted  in  the  order  of  the  num- 
berinii  ot  the  degrees  on  their  respective  quadrants ;  although 
their  computation  necessarily  look  place  in  the  order  in 
which  the  examination  was  carried  on,  or  according  to  the 
arrangement  in  the  table  of  apparent  errors.  The  tirst  dot 
of  the  first  quadrant  havina;  been  assumed  to  be  in  its  true 
place,  the  first  of  the  third  quadrant  will  err  by  just  half  the 
difference  found  bv  the  examination;  therefore  these  errors 
arealike  in  both  tables.  The  real  error  of  the  first  dot  of  the 
second  quadrant  comes  out  in  the  first  example;  that  of  the 
fourth  was  found  in  like  manner,  and  completes  the  first  line. 
It  is  convenient  to  put  the  error  of  the  division  90°  of  each 
quadrant  at  the  bottom  of  each  column,  although  it  is  the 
same  as  the  point  0'  on  the  following  quadrant.  The  line 
of  45^  is  next  filled  up  ;  the  second  example  shows  this ;  but 
there  is  no  occasion  to  dwell  longer  upon  this  explanation  ; 
fpr  everv  one,  who  is  at  all  fit  for  such  pursuits,  will  think 
what  has  already  been  said  fully  sufficient  for  his  purpose. 
However,  I  will  just  mention  that  there  can  be  no  danger, 
in  the  formation  of  this  table,  of  taking  from  a  wrong  line 
the  real  errors  which  are  to  be  the  criterion  for  finding  that 
of  the  one  under  trial;  because  they  are  in  the  line  next  to 
it ;  the  others,  which  intervene  in  the  full  table,  not  being 
yet  inserted.  The  last  course  of  all  is,  however,  an  excep- 
tion ;  for,  as  the  exaniining  microscopes  could  not  be  broutjht 
rear  enough  to  bisect  the  analc  2^  4S'  4^',  recourse  was  had 
to  that  quantity  and  its  half;  on  u  hich  account  the  exannna- 
tion  is  prosecuted  by  using  errors  at  two  lines  distance,  as  is 
shown  in  tiie  two  last  examples. 

When  the  table  of  real  errors  is  constructed,  the  other 
table,  although  it  is  of  no  further  use,  should  not  be  thrown 
away ;  for,  if  any  material  mistake  has  been  committed,  it 
will  be  discovered  as  the  operation  of  dividing  is  carried  on  ; 
and,  in  that  case,  the  table  of  apparent  errors  must  be  had 
recourse  to  ;  indeed,  not  a  figure  should  be  destroyed  until 
the  work  is  done. 

[To  be  coctinued.] 
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the  last  Paris  Edition  of  his  'I'raite  de  Mincialogic. 

[Continued  fiom  p.  69  ]  / 

.1  OF  CRYSTALLIZATION. 

W  E  have  been  led  by  observation  and  reasoning  to  ascer- 
tain that  minerdls  were  composed  of  similar  inicgrant  mole- 
cules. The  way  in  which  they  are  mechanically  divided  has 
besides  proved  to  us,  that  the  cause  which  si>licited  these 
molecules  to  he  ntiitually  attracted,  reunited  them  in  rows 
upon  planes  situated  in  the  direction  oT  their  different 
faces.  These  considerations  were  useful  for'  preparing  the 
development  of^anolher  very  remarkable  result  of  the  laws 
of  affinity,  which  is  referred  to  the  external  configuration 
of  minerals,  and  has  given'  birth  to  one  of  the  most  fertile 
branches  .of  the  science  of  which  ihcy  are  the  objects. 

Such  therefore  is  the  action  of  these  laws  upon  integrant 
molecules,  that,  when  notliin<r  disturbs  it,  tlie  assemblage3 
of  these  n)olccu!cs  are  terminated  by  plane  surfaces,  whence 
result  regular  forms  similar  to.  those  of  geometrical  solid?. 
We  have  frequent  examples  of  liiis  regularity  in  the  garnet, 
topazT,  emerald,  carbonated  lime,  sulphated  barytes,  &:c. ; 
and  in  a  great  number  of  metallic  substances.  The  sight  of 
these  polyhedrons  ahvays  excites  the  surprise  of  a  person  to 
whom  thev  are  for  the  first  time  presented,  and  thev  must 
frequentlv  be  shown  to  him  incrusted  with  thtir  native  earth 
before  he  can  believe  in  the  geometrv  of  nature. 

All  these  regular  bodies  have  been  received  under  the  coin- 
mon  denomination  o^  crystals*.  The  term  crystallizafiony 
which  would  at  first  sight  appear  to  apply  onlv  to  the  species 
of  operation  iVom  which  crystals  are  produced,  hasgeneially 
a  more  extensive  signification.  It  expresses  in  general  every 
assemblage  of  molecules  in  solid  masses  by  the  help  of  affi- 
nity. If  these  masses  have  a  svnnnetrical  aspect,  they  will 
be  the  products  of  regular  crystallization  properly  so  called. 
If  their  form  is  vague,  and  cannot  be  determined  in  a  precise' 
manner,  thev  will  belong  to  confused  crystallization.. 

The  attractive  forces  which  solicit  the  molecules  of  a  mi- 
neral, suspended  in  a  liquid,  have  a  certain  reference  with 
the  ficrure  of  these  molecules,  and  it  is  in  this  relation  that 
ihe  tendt^ncy  consists  which  the  molecules  have  of  them- 
selves to  unite  conformablv  to  the  laws  of  a  regular  aggre- 
gation.    But  in  order  that  they  may  attain  this  object,  they 

♦  The  origin  af  this  word  vvlU  be  found  under  the  article  of  Quartz. 

must 
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must  have  leisure  to  seek  each  other,  to  apply  to  each  other 
by  proper  siirraces,  and  to  concur  all  at  the  same  time  to  the 
harmony  which  ought  to  result  from  their  aggregation.  The 
liquid  must  be  in  a  stale  ot  repose  ;  its  own  molecules  must 
slowly  abandon  those  of  the  mineral,  in  order  to  place  them 
in  the  position  most  favourable  to  affinity,  and  the  cavity  must 
be  spacious  enough,  and  the  liquid  sufficiently  abundant,  for 
the  crvstalline  molecules  to  swim  in  it  at  full  libertv. 

If  these  conditions  are  not  fulfilled  j  if  it  happens,  for 
instance,  that  the  liquid  is  rapidiv  evaporated,  or  that  any 
agitation  is  produced  in  it,  these  accidents,  which  we  may 
regard  as  disturbing  causes  of  crystallization,  will  in  some 
measure  disarrange  the  molecules,  and  force  ihem  to  be  tu- 
multuously  precipitated  upon  each  other;  and,  as  a  neces- 
sary consequence,  the  traces  of  the  geometrical  form  which 
would  have  taken  place  in  the  event  of  a  slow  and  tranquil 
aggregation  will  be  more  or  less  altered*. 

But  as  we  are  only  to  speak  here  of  crystallization  properly 
so  called,  an  important  consideration  in  the  first  place  pre- 
sents itself, — a  consideration  which  places  tp.inerals  bv  the 
side  of  organic  beings.  In  the  vegetable  kingdom,  for  in- 
stance, all  the  individuals  of  the  same  species  seem  to  have 
been  made  after  one  common  model,  i.  e.  their  flower  is 
composed  of  parts  equal  in  number  and  similar  in  tigure; 
their  leaves  have  the  same  arranoen-.-nt,  the  same  contours. 
Sec. — the  diversities  consist  of  but  light  and  fugitive  shades. 
In  short,  when  we  have  seen  a  single  plant,  we  have  seen  the 
whole  species. 

It  is  totally  ditTerent  with  respect  to  minerals.  Frequently 
crystals  originating  from  one  and  the  same  substance  assume 
very  different  forms,  all  equally  distinct,   and  executed  with 

*  The  crj'stals  forraed  in  one  and  the  same  liquid  around  different  centres 
of  action  more  or  less  closely  connected  with  e^ich  other,  compose  groups  in 
which  they  are  situated  sometimes  parallel  to  each  other,  and  sometimes 
crossing  each  other  indifferent  directions,  in  such  a  wav  that  thev  frequently 
enough  appear  to  penetrate  each  other  mutually.  It  also  happens  very  gene- 
rally that  they  are  only  salient  at  one  of  their  parts,  above  the  substance 
which  serves  as  a  support  to  them.  It  is  a  fortunate  circumstaiice  when  a 
crystal  belongs  to  the  group  only  by  a  point,  so  that  i.s  position  isolates  it  in 
some  measure,  and  permits  its  form  to  be  entirely  developed  to  the  eves  of  an 
observer.  But  most  of  the  crj-stals  which  offer  this  advantage  have  been  ex- 
tracted from  certain  earthy  masses  in  which  they  were  really  solitary,  and  im 
the  midst  of  which  thev  are  formed  at  the  time  when  these  earths  were  diluted 
in  an  aqueous  fluid.  We  may  conceive  this  formation  from  an  experiment  of 
Pelletier,  who,  having  placed  argil  soaked  in  a  solution  of  alum,  cut  this 
argil  into  pieces  when  it  was  dry,  and  found  internally  crystals  of  alum  of  the 
size  of  a  pea.  Hence  he  concluded  that  the  crystalline  molecules  might  have 
had  the  power  of  displacing  the  argillaceous  molecules,  and  of  removing  those 
obstacles  which  opposed  their  union. — iV/ew.  cL  Oherv.  de  Chimie,  t.  i.  p.  %l, 
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similar  precision.  Carbonated  lime,  for  instance,  as:'iTme?y^ 
according  to  circumstances,  the  torm  ot"  a  rhomboid;  of  a 
regular  hexahedral  prism  ;  of  a  solid  terminated  by  twelve 
scalene  angles  ;  or  of  a  dodecahedron  with  pentagonal  faces, 
&c.  Sulphuretted  irofi,  or  ferrugmous  pvrites,  produces 
sometimes  cubes  and  sometimes  regular  octahedrons;  here 
dodecahedrons  with  pentagonal  face?,  ttu-re  icosabedrons 
with  trianirular  faces,  &c. 

■'  It  is  true  that,  among  the  varietres  of  one  and  the  same 
species,  it  often  happens  that  a  more  toirrpound  form  differs 
from  a  more  simple  form  only  by  certain  facets,  similar  to 
those  which  would  result  from  sections  made  on  the  solid 
angles,  or  on  the  ridges  of  the  latter*.  Pvrites,  for  in- 
stance, sometimes  assumes  the  form  of  a  cube,  the  eight 
solid  angles  of  which  being  beaten  down  would  expose  to 
view  so  many  triangular  facets,  in  such  a  manner  that  this 
form  may  be  considered  as  the  pa^sa^e  from  the  cube  to  the 
octahedron,  with  w  hich  it  is  connecTed  by  its  eight  equila- 
teral triangles,  which  are  situated  like  the  faces  of  this  se- 
cond solidv 

But  in  addition  to  these  transitions  being  already  very 
singular  in  themselves,  as  appertaining  to  modilications  much 
more  sensible  than  seems  to  be  necessary  to  distinguish  sim- 
ple varieties,  we  find  on  the  other  hand  certain  crystalline 
forms,  which,  by  a  singularity  still  more  remarkable,  do  not 
exhibit  any  vestiges  of  common  parts,  ap.d  present  the  ap- 
pearance of  a  complete  metamorphose  of  the  mineral  from 
which  they  derive  their  origin.  And  in  order  to  cite  a  new 
example,  let  us  place  by  the  side  of  each  other  the  regular 
hexahedral  prism  of  carbonated  lime,  (Pi.  I.,  fig.  1.)  and 
the  scalene  dodecahedron  with  scalene  triangular  faces 
(fig.  6,).  We  can  scarcely  conceive  how  two  polyhedrons,  so 
dissimilar  at  first  view,  come  to  touch  together,  and  are  as 
if  contoundtd  in  the  crystallization  of  one  and  the  same 
mineral. 

In  short,  as  if  the  results  of  this  operation  of  Nature  were 
destined  to  excite  astonishment  of  everv  kind,  while  one  and 
the  same  substance  lends  itself  to  so  many  transformations, 
we  meet  very  different  substances,  which  present  absolutely 
the  same  form.  Thus  tluated  lime,  muriated  soda,  sulphu- 
retted iron,  sulphuretted  lead,  &c.,  crvstallize  in  cubes  un- 
der certain  circumstances  j  and   in  other  cases,  the  san>e 

*  This  idea  suggested  to  M.  Rome  de  I'lsle  tl.ie  method  of  truncature*, 
for  enabling  us  to  derive  irwrn  each  other  the  different  varieties  of  crystalhne 
forms  which  should  belong  to  one  and  tlie  same  sub.->tauce. 

minerals,, 
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tnlnerals,  as  well  as   sulphated  alumine  and  the  diamond, 

assume  the  form  of  a  regular  octahedron*. 

It  was  this  similitude  of  forms  which,  at  a  time  when 
the  study  of  crystallization  was  scarcely  in  its  infancv,  in- 
clined Linnaeus  to  think  that  the  salts  should  be  reajarded  as 
the  generators  nf  crystallization  ;  that  the  union  of  any  oivea 
salt  with  a  given  kind  of  stone  was  a  sort  of  fecundation 
which  communicated  to  the  stone  the  property  of  crystal- 
lizing under  the  form  peculiar  to  the  salt  which  performed 
the  iunciion  of  the  fecundating  principle  f.  The  diamond, 
for  instance,  he  considered  as  a  species  of  alum,  because  it 
crystallizes  like  the  latter,  and  he  gave  it  the  name  of  alumen 
tidamasX.  Thus  Linnaeus  thought  he  found  in  the  mineral 
kingdom  the  basis  (if  the  sexual  system,  of  which  he  made 
so  advantageous  an  use  in  Botany.  We  know  that  Tourne- 
fort,  on  observing  the  rarnified  stalactites  of  the  Grotto  of 
Antiparos,  imagined  that  stones  vegetated  in  the  same  way 
as  plants.  Botany  was  the  favourite  study  of  these  two  ce- 
lebrated men,  and  all  Nature,  in  their  opinion,  spoke  the 
language  of  their  favourite  study. 

Linnaeus  subjoined  to  his  work  some  descriptions  and 
figures  of  crystals,  which  were  sufficiently  accurate,  consi- 
dering the  state  of  science  at  the  time;  and  in  this  respect  he 
may  be  regarded  as  the  founder  of  crvstallography. 

Latterly,  Rome  de  I'Jsle  has  referred  the  study  of  cry- 
stallization to  principles  more  and  more  conformable  to  ob- 
servation. He  arranged  together,  as  far  as  possible,  crystals 
of  the  same  nature.  Among  the  different  forms  relative  to 
each  species,  he  chose  one  as  the  most  proper,  from  its  sim- 
plicity, to  be  regarded  as  the  primitive  form  ;  and  by  sup- 
posing it  truncaied  in  different  ways,  he  deduced  the  other 
forms  from  it,  and  determined  a  gradation,  a  series  of  trans- 
itions between-  this  same  forrn  and  that  of  polyhedrons, 
which  seemed  to  be  still  further  removed  from  it.  To  the 
descriptions  and  figures  which  he  gave  of  the  crystalline 
forms,  he  added  the  results  of  the  mechanical  measurement 

♦  We  shall  presently  explain  the  reasons  which  can  assist  us  in  conceivings 
the  nature  of  this  resemblance  in  configuration  between  minerals  of  various 
descriptions. 

•)■  Linmsi  Amcenit.  Acad,  tome  i.  p.  4G6  &  seq. 

\  The  learned  author  of  this  classification  was  well  aware  that,  among  the 
bodies  which  he  associated  under  one  and  the  same  species,  several  presented 
a  form  different  from  that  which  was  the  type  of  the  species.  But  he  tried 
to  bring  them  to  this  last  form  according  to  some  vague  traces  of  resemblance 
which  he  caught  from  their  external  aspect ;  and  as  but  a  very  small  number 
of  crystalline  forms  had  been  at  that  time  observed,  the  most  of  them  ex~ 
tremely  simple,  these  similarities,  which  would  have  been  impracticable  in 
the  present  advanced  state  of  science,  were  then  of  less  difficult  classification. 
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of  their  principal  angles,  and  showed  (what  was  a  very  eS-* 
sential  point)  that  these  angles  were  constant  in  each  va- 
rietv.  In  a  word,  his  crystallography  is  the  production  of  a 
very  extensive  and  highly  useful  course  of  study. 

The  illustrious  Bergman,  by  endeavouring  to  penetrate  to 
the  mechanism  of  the  structure  of  crystals,  considered  the 
different  forms  relative  to  one  and  the  same    substance  as 
produced  by  a  superposition  of  planes,  sometimes  constant 
and  sometimes  variable,  and  decreasing  around  one  and  the 
same  primitive  form.     He   applied   this   primitive  idea  to  a; 
small  number  of  crystalline  forms,  and  verified  it  with  re- 
spect to  a  variety  of  calcareous  spar*  by  fractures,  which 
enabled  him  to  ascertain  the  position  of  the  nucleus,  or  of 
the  primitive  fonm,  and  the  successive  order  of  the   laminae 
covering  this  nucleus.     Bergman,  however,  stopped  here, 
and  did  not  trouble  himself  either  with  determining  the  laws 
of  structure,  or  applying  calculation  to  it.    It  was  a  simple 
sketch,  drawn  eyi  passant,  of  the  most  prominent  point  of 
view  in  mineralogy,  but  in  which  we  see  the  hand  of  the 
same   master  who  so  successfully  filled  up  the  outlines  of 
chemistry. 

In  the  researches  which  T  undertook  about  the  same  pe- 
riod on  the  structure  of  crystals  f,  I  proposed  combining 
the  form  and  dimensions  c-f  integrant  molecules  with  simple 
and  regular  laws  of  arrangement,  and  submitting  these  laws- 
to  calculation.  This  work  produced  a  mathematical  theory, 
which  I  reduced  to  analytical  formulre,  representing  every 
possible  case,  and  the  application  of  which  to  known  forms 
leads  to  valuations  of  angles  constantly  agreeing  with  obser- 
vation. I  shall  explain  the  principles  of  this  theory  by  the 
help  of  reasoning  alone,  and  of  some  projections  which  will 
facilitate  their  explanation.  Geometricians  may  acquire  a 
more  correct  and  more  detaUed  knowledge  of  the  subject  by 
perusing  the  calculations  which  are  given  separately  in  this 
work. 

THEORY  OF  THE  STRUCTURE  OF  CRYSTALS. 

Primitive  Forms. — The  idea  of  referring  to  one  of  the  same 
primitive  forms  all  the  forms  which  may  be  assumed  by  a 
mineral  substance,  of  which  the  rest  may  be  regarded  as 
being  modifications  only,  has  frequently  suggested  itself  to 
various  naturalists  who  have  made  crystallography  their  study- 
It  was  in  consequence  of  having  regarded  it  in  a  false  point 

*  This  is  what  has  been  called  dent  de  coch.cm,  but  which  I  call  metnstalic. 

■f  The  members  of  the  Academy  of  Sciences  were  acquninted  with  my  first 
Essays  on  this  subject,  when  they  received  Bergman's  Men\(.)ir,  which  was 
communicated  to  me  as  being  interesting. 
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ef  view  that  Linnceus  was  led  astray  in  his  meihodical  dis- 
tribution of  crystals.  Rome  de  I'lsle,  by  employing  it  with 
more  art  and  justice,  avoided  the  breaches  of  natural  con- 
nections which  disfigure  the  system  of  the  Swedish  natu- 
ralist. But  there  was  something  arbitrary  in  the  choice  of 
the  forms  which  De  Tlsle  reaarded  as  primitive,  by  consult- 
ing only  the  external  aspect  of  crystal?,  without  regarding 
their  structure.  Bergman,  who  had  so  successfully  seized 
the  nucleus  of  carbonated  lime,  by  mechanically  dividing 
the  metastatic  crystal,  was  not  equally  fortunate  with  respect 
to  several  other  crystals,  and  in  particular  with  respect  to 
the  dodecahedron  variety  of  the  same  substance  which  was 
then  called  ttle  de  clou  (nail  head).  It  would  result  from 
the  explanation  which  he  gives  of  the  structure  of  this  cry- 
stal, that  its  nucleus  should  have  angles  totally  ditlerent 
from  those  of  the  true  ;  and  Bergman  has  even  been  obliged 
to  suppose  that  the  planes  which  he  calls  fundamental  were 
truncated  in  the  present  case,  which  presented  a  new  excep- 
tion to  the  prmciple  on  which  his  system  was  founded*. 

The  mechanical  division  of  minerals,  which  is  the  only 
method  of  ascertaining  their  true  primitive  form,  proves 
that  this  form  is  invariable  while  we  operate  upon  the  same 
substance,  however  diversified  or  dissimilar  the  forms  of  the 
crystals  belonging  to  this  substance  may  be.  Two  or  three 
examples  will  serve  to  place  this  truth  in  its  proper  light. 

Take  a  regular  hexab.edral  prism  of  carbonated  lime  (PI.  I. 
figs.  1  and  2).  If  you  try  to  div'de  it  parallel  to  the  edges 
which  form  the  contours  of  the  bases,  you  will  find  that 
three  of  these  ed<res  taken  alternately  in  the  upper  part,  for 
instance,  the  edsres  If,  c  d,  b  m,  may  be  referred  to  this 
division  :  and  in  order  to  succeed  in  the  same  way  with  re- 
spect to  the  inferior  base,  we  must  choose,  not  the  edges 
I'f'i  c'  d',  h'  VI ,  which  correspond  with  the  preceding,  but 
'the  intermediate  edges  d'  f ,  h'  c  ,  I'  m\ 

The  six  sections  will  uncover  an  equal  number  of  trape- 
ziums. Three  of  the  latter  are  represented  upon  tig.  2,  viz. 
the  two  which  intercept  the  edges  If,  c  d,  and  are  designated 
hy  pp  00,  aa  kk,  and  that  which  intercepts  the  lower  edge 
d'f\  and  which  is  marked  by  the  letters  nn  ii. 

Each  of  these  trapeziums  will  have  a  lustre  and  polish, 
from  which  we  may  easily  ascertain  that  it  coincides  with 
one  of  the  natural  joints  of  which  the  prism  is  the  assem» 
blage.  You  may  attempt  in  vain  to  divide  the  prism  in  any 
other  direction.     But  if  you   continue  the  division  parallel 

*  See  the  remarks  on  this  head  in  my  Essay  towards  a  Theory  of  the 
Structure  of  Crystals. — See  Philosophickl  Magazine,  vol.  i.  p.  35  et  seq. 
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to  the  first  sections,  it  will  happen  that  on  one  band  the 
surfaces  of  the  bases  will  always  become  narrower,  while  on 
the  other  hand  the  altitudes  of  the  panes  will  decrease;  aod 
at  the  term  at  which  the  bases  have  disappeared,  the  prism 
will  be  changed  into  a  dodecahedron  (tig.  3,)  with  penta- 
gonal faces,  six  of  which,  such  as  o  o  i  0  <?,  o\  kii,  &c.,  will 
be  the  residues  of  the  panes  of  the  prism  ;  and  the  six  others 
E  A  [  00,  O  A'K/i,  See.  will  be  the  immediate  result  of  the 
mechanical  division*. 

Beyond  this  same  term,  the  extreme  faces  will  preserve 
their  figure  and  dimensions,  while  the  lateral  faces  will  inces- 
santly diniiniih  in  height,  until  the  points  o,  k,  of  the  pen- 
tagon 0  I  k  a,  coming  to  be  confounded  with  the  points  i,  i, 
^nd  so  on  with  tiie  other  points  similarly  situated,  each  penta- 
gon will  be  reduced  to  a  simple  triangle,  as  we  see  in  fig.  4.t 

Lastly,  when  new  sections  have  obliterated  these  triangles, 
so  that  no  vestige  of  the  surface  of  the  prism  remains,  (fig.  1,) 
you  will  have  the  nucleus  or  the  primitive  form,  which  will 
be  an  obtuse  rhomboid  :j:,  (fig.  5,)  the  iirand  angle  of  which 
EM  or  EO  I  is  ioi°  3^'  13'§. 

The  observation  I  have  detailed  is  that  which  served  for 
developing  my  ideas  on  the  structure  of  crystals,  and  has 
been  the  key  of  the  theory  :  it  occurred  to  me  on  the  oc- 
casion of  a  crystal  being  presented  to  me  by  citizen  De- 
franee  from  his  mineralogical  collection.  The  prism  had 
a  single  fracture  at  the  place  of  one  of  the  edges  situated 
around  the  base,  by  which  it  had  adhered  to  the  remains  of 
the  group.  Instead  of  placing  it  in  my  collection,  I  tried 
to  divide  il  in  other  directions;  and  1  succeeded  after  some 

*  We  have  continued  (o  represent  the  hexahedral  prism  circumscribed  J5y 
the  solid  from  which  we  extract  it,  by  dividing  it,  in  order  that  the  progress 
of  the  operation  mav  be  more  easily  conceived. 

f  The  points  which  arc  confounded,  two  and  two,  upon  this  figure  are  each 
marked  with  the  two  letters  which  served  to  designate  them  when  they  were 
separated,  as  in  fig.  3. 

I  I  denominate  as  a  rhnmloid  a  parallelopipedon,  terminated  by  six  equal 
and  similar  rhombuses.  Two  of  the  solid  angles,  such  as  A,  A',  opposed  to 
each  oiher,  are  formed  by  the  uuion  of  tliree  equal  plane  angles.  Each  of  the 
six  others  is  formed  by  a  plane  anjrle  equal  to  the  preceding  ones,  and  by  two 
angles  which  are  supplements  to  them.  The  points  A,  A',  are  the  summits, 
and  the  line  which  proceeds  from  the  one  to  the  other  is  the  axis.  We  always 
suppose  the  rhomboid  situated  so  as  to  make  its  axis  vertical.  In  any  single 
face,  such  as  A  E  O  I,  the  line  drawn  from  E  to  I  is  the  horizontal  diagonal, 
and  that  from  A  to  Ois  the  oblique  diagonal.  The  rhomboid  is  obtuse  or  acute, 
accordingly  as  the  angle  contiguous  to  the  summit  is  itself  obtuse  or  acute. 

§  I  have  observed  that  each  trapezium,  such  a.i p p  on  (fig.  2,)  uncovere4 
by  thf  first  sections,  was  very  sensibly  inclined  from  the  same  quantity,  as 
well  upon  the  residue  pp  del-  m  oi  the  base,  as  upon  the  residue  ooy  l'  of 
the  adjacent  pane.  Setting  out  from  this  equality  of  inclinations,  we  deduce 
from  it  by  calculation  the  value  of  the  angles  with  the  pre'ciiion  of  minutes 
aud  secoiidsj  whi-h  mechanical  measuremcats  are  liot  capable  of  attaining. 

to 
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ineffectual  attempts  in  extracting  its  rhomboidal  nucleus, 
Uihich  excited  mv  surprise,  mixed  with  the  hope  that  1 
might  succeed  .still  further. 

Let  us  take  as  a  second  example — the  metastatic  crystal 
(fig.  6,)  the  nucleus  of  which  was  found  by  Bcsgman.  You 
may  obtain  this  nucleus  speedily  by  making  a  first  sec- 
tion upon  the  edges  EO,  01;  a  second  upon  the  edges 
I  K,  G  K  ;  a  third^upon  G  H,  E  H  ;  a  fourth  upon  O  I,  1  K  ; 
a  fifth  upon  G  K,  GH;  lastly^  a  sixth  upon  E  H,  EO; 
whence  it  follows,  that  the  edges  of  which  we  are  speak?^Jg 
are  confounded  with  the  lateral  edges  of  the  j)rimitive  form, 
as  we  may  judge  from  a  simple  inspection  of  fig.  " ,  which 
represents  this  primitive  form  inscribed  in  the  dodecahedron 
with  scalene  triangles. 

There  exist  many  other  varieties  of  carbonated  lime,  se- 
veral of  which  have  very  compound  forms,  and  ail  of  them 
contain  a  nucleus  -precisely  similar  to  that  under  considera- 
tion. But  if  it  be  singular  to  see  this  nucleus  issue  from 
varieties  which  are  removed  from  it  mostly  by  their  configu- 
ration, we  have  far  less  reasota  to  expect  it  in  those  which 
of  themselves  have  a  rhomboidal  form  with  different  mea- 
surements of  angles.  We  are  at  present  acquainted  with 
live  of  these  riioniboids*,  one  of  which  is  much  more  ob- 
tuse than  the  nucleus,  an-1  the  four  others  have  summits  al- 
ways more  acute.  This  gia<lation,  all  the  terms  of  which 
are  referred  to  one  and  the  same  species  of  solid,  would  seem 
at  first  sight  to  give  some  colour  to  the  opinion  that  primi- 
tive forms  are  not  constant  relative  to  one  and  the  same 
mineral.  But  I  have  ascertained  that  all  these  rhomboids 
concur  in  exhibiting,  by  sections  made  in  different  direc- 
tions, a  nucleus  sinjilar  to  that  whose  grand  angle  is 
101"  32';  and  thus  the  paradox  which  arises  from  the  diver- 
sity of  their  angles  is  cleared  up  by  the  double  employment 

'^'  Beginning  with  tliat  which  is  obtuse,  we  have  the  fotlowing  values  for 
the  plane  angle  of  the  summit : 

llio  18'  5€" 
SI    42    30 
75    31    2G 
45    34  -S'J 
•37    31      4 
Mineralogists  far  a  long  period  bav«  only  been  acquainted  with  the  first 
and  third  of  these  rhomboids.  We  see  from  Berg^man's  memoir,  which  I  have 
already  quoted,  that   he  confcmmied  the  rhomboid    114"   IS'  with  the  pri- 
mitive, in  which  the  ang^ie  of  the  summits  is  101°  3'i'.     On  the  other  hapd, 
Rome  de  I'lsle  considered  that  of  75"  3l'  as  a  second  primitive  form  of  cal- 
careous spars,  because  he  saw  no  method  of  referring  it,  even  by  truucatyres, 
to  that  of  101"  32'.    See  Bergman's  work  on  the  character  of  mioerals. — 
Tableau  Lilhol'igique, 
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of   the  rhomhnidal  form  which  serves  here  to  disguise  itself, 
and  conceals  tixcd  characters  under  variable  outrides. 

Let  us  choose  for  instance,  among  these  different  rhom- 
boids, that  in  which  the  angle  at  the  summit  is  75°  3l'  20% 
and  which  is  represented  fig.  8,  circumscribed  to  its  nucleus, 
Kome  de  I'Isle  called  it  muriatic  calcareous  spar,  and  I 
denominate  it  inverse  carbonated  lime.  In  ordtr  to  divide 
this  rhomboid  mcchan.caiiv,  the  secting  planes  must  be  di- 
rected parallel  to  ihe  six  extreme  edges ;  viz.  s  t,  sn,  .???, 
on  one  hand,  and  st',  s il\  sn,  on  the  other,  in  such  a 
way  that  these  planes  are  equally  inclined  upon  the  faces 
which  they  cut  into.  The  first  sections  will  exhibit  six  pen- 
tagons rrr  r  r' r'  (fig.  9),  parallel  to  the  faces  of  the  nu- 
cleus ;  and  it  is  easy  to  conceive,  that  by"continuing  the  di- 
vision always  in  the  same  direction,  until  the  residues  ot  the 
faces  of  the  rhomboid  A  A'  (fig.  S)  have  disappeared,  we 
shall  have  a  new  rivomboid,  which  will  be  the  primitive 
form. 

We  may  remark,  that  the  faces  of  this  last  rhomboid  are 
inclined  in  the  same  quantity  upon  the  common  axis,  with 
the  ediies  5/,  sii,  S7i,  &c.,  to  wliich  these  faces  are  parallel. 
Now  the  edfTcs  in  question  form  with  the  axis  larger  angles 
than  the  oblique  diagonals  drawn  from  s  to  ?;',  from  s  to  t', 
from  5  to  ?/,  or,  what  comes  to  the  same  thing,  ihan  the 
faces  s  t  nf  n,  s  it  t'  7/.,  s  t  u  n  ;  whence  we  conclude  that 
in  the  rhomboid,  extracted  by  mechanical  division,  the 
angle  of  the  suilimii  should  be  sensibly  more  open  than  that 
which  corresponds  with  it  in  the  divided  rhomboid.  From 
What  has  been  said  above,  this  last  angle  is  smaller  than  the 
other  by  '2.<P  Q)  53". 

If  we  try  to  divide  a  crystal  of  another  species,  you  will 
have  a  different  nucleus.  For  instance,  a  cube  of  fluated 
lime  will  give  a  regular  octahedron,  which  vou  will  succeed 
in  extracting  by  dividing  the  cube  upon  its  eight  solid  angles, 
which  will  in  the  first  place  discover  eight  equilateral  tri- 
angles, and  by  pursuing  the  division,  always  parallel  to  the 
first  sections,  until  nnihmg  more  remains  of  the  faces  of  the 
cube,  the  nucleus  of  the  crystals  of  sulphaled  barytes  will 
be  a  straight  prism  with  rhombous  bases  ;  that  of  the  crystals 
of  phosplialetl  lime  a  regular  hexahedral  prism  ;  that  of  sul- 
phuretted lead  a  cube,  &e.;  and  each  of  these  forms  will  be 
constant  relative  to  the  entire  species,  in  such  a  manner 
that  its  angles  will  not  undergo  any  appreciable  variation. 

With  resiard  to  crystals  which  refuse  to  be  mechanically 
•divided,  the  theory  seconded  by  certain  indications,  which 

we 
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we  shall  presently  speak  ot,  may  Lad  to  the  determination 
of  their  priniilive  forms,  at  least  with  a  great  probability  of 
accuracy. 

Having  adopted  the  word  primitive  form,  in  order  to  de- 
signate the  nucleus  of  crystals,  we  shall  call  secondary  forms 
such  varieties  as  differ  from  the  primitive  form. 

In  certain  species,  crysiallization  also  produces  ihis  lastform 
immediately.  There  exist,  tort'xain|ile,  calcareous  crystals 
which  differ  m  no  respect  nom  the  t  homhoid  which  we  i  x'ract 
from  the  reealar  hexahedral  prism,  and  from  the  other  varie- 
ties which  we  have  ii.cntioned.  Besides,  it  frequently  happens 
also,  that  anumg  the  faces  of  a  secondary  crysta.l  there  arc 
some  which  are  pirallei  to  tlioseof  the  primiuve  form.  Thus 
we  find  crvstals  of  carbonated  lime,  which  are  similar  id 
that  of  fin;.  3^  and  on  which  crvstallizalion  hask-'t  pen;  lional 
planes,  such  as  A  Eoo  I,  AEA/zG,  Sec,  situated  likeThose 
which  \vc  expose  by  dividimr  the  hcxahedral  prism  repre- 
sented in  fig.  1.  In  such  cases  as  these,  the  route  is  as  it  were 
traced  out  before  hand,  previous  to  arriving  at  the  nucleus. 

We  mav  define  the  prmiitive  form  a  solid  of  a  constant 
form,  engaged  symmetrically  in  all  the  crystals  of  one  and  the 
same  species,  and  the  faces  of  which  follow  the  directions  of 
the  la^uinoe  a  nich  form  these  crystiil?. 

The  primitivti  forms  hitherto  observed  are  reduced  to  six, 
viz.:  the  para!  tlopipedon,  the  octahedron,  the  tetrahedron, 
the  regular  hexaiijedral  prism,  the  dodecahedron  with  rhom- 
bous  planes,  all  equal  and  similar,  and  tlie  dodecahedron  with 
triangular  planes,  composed  of  two  straight  pyramids  joined 
base  to  base. 

Forms  of  integrant  Molecules. — ^The  nucleus  of  a  crystal 
is  not  the  jast  term  of  its  mechanical  division,  it  may  al- 
ways be  subdivided  parallel  to  its  different  faces,  aiid  stmie- 
times  in  other  directions  also.  The  whole  of  the  surround- 
ing substance  is  capable  of  being  divided  by  strokes  parallel 
to  Ahose  which  take  place  with  respect  to  the  primitive  form. 
Reasoning  here  as  we  have  done  with  respect  to  the  me- 
chanical division  of  common  salt,  we  conclude  that  the 
limit  of  the  mechanical  division  which  we  may  operate  in 
any  given  crystal,  ought  to  give  the  form  of  the  integra-it 
molecule  peculiar  to  the  kind  of  mineral  of  which  this  cry- 
stal is  the  primitive. 

If  the  nucleus  be  a  parallelopipedon  which  cannot  be  sub- 
divided except  by  blows  parallel  to  its  faces,   iike  that  which 
takes  place  with  respect  to  carbonated  lime,  it  is  evident  that 
the  integrant  molecule  will  be  similar  to  this  nucleus  itself. 
But  it  may  happen  that  the  parallelopipedon  admits  of 

further 
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further  sections  In  other  directions  than  the  former.  Let  u« 
conceive  for  example,  that  it  is  a  rhomboid  A  A"  KH  (fig.  10), 
directly  divisible  parallel  to  the  six  rhombuses  which  ter- 
minate it,  and  with  the  help  of  planes,  each  of  which  passes 
bv  an  oblique  diagonal  A  O,  by  the  axis  A' A,  and  by  the 
edge  A'  O,  comprehended  between  the  same  diagonal  and 
the  axis.  These  sections  will  detach  six  tetrahedrons,  which 
have  been  figured  separately  around  the  rhomboid,  in  posi- 
tions analogous  to  those  which  they  had  when  joined  in  one 
single  body,  in  such  a  way  that  we  follow  as  it  were  with 
the  eye  the  species  of  deconriposition  of  the  rhomboid  from 
which  they  proceed.  No  a  these  tetrahedrons  represent  the  in- 
tegrant molecules  of  the  substance  of  which  the  rhomboid  is 
the  primitive  form.     Such  is  the  structure  of  the  tourmaline. 

Let  us  take  another  substance,  such  as  phosphaled  lime, 
the  primitive  form  of  which  is  the  regular  hcxahedral  prisiTi. 
In  this  case  the  molecule  will  be  still  different  from  the  nu- 
cleus, although  this  last  cannot  be  subdivided  except 
parallel  with  its  faces,  i.  e.  with  its  two  bases  and  its  six 
panes.  This  subdivision  will  lead  us  to  triangular  prisms, 
the  assemblage  cF  which  composes  the  entire  prism,  as  mav 
easily  be  perceived  by  inspecting  fig.  40,  PI.  V;  we  there  see 
one  of  the  bases  of  the  prism  divided  into  equilateral  trian- 
gles, each  of  which  is  the  base  of  a  small  triangular  prism 
which  represents  the  integrant  molecule. 

Now  we  shall  presently  find  that  we  may  reduce  the  forms 
of  the  integrant  molecules  of  all  crystals  to  the  three  pre- 
ceding forms,  which  are  the  tetrahedron,  or  the  simplest  of 
the  pyramids :  the  triangular  prism,  or  the  simplest  of  all 
the  prisms;  and  the  parallclopipedon,  or  the  simplest  among 
the  solids,  which  have  their  faces  parallel  two  and  two. 
And  since  four  planes  at  least  are  necessary  for  circum- 
scribing a  space,  it  is  evident  that  the  three  forms  in  ques- 
tion, in  which  the  number  of  faces  is  successively  four,  five, 
and  six,  have  still,  in  this  respect,  the  greatest  possible  sim- 
plicity. If  these  forms,  T  repeat,  are  not  those  of  the  true  in- 
tegrant molecules  employed  by  Nature,  they  deserve  at  least 
to  supply  their  place  in  our  conceptions,  the  more  especially 
as  it  is  with  but  very  scanty  materials  that  we  succeed  iu 
establishing  a  theory  which  embraces  so  many  various  results. 

Several  naturalists  have  thought  that  the  integrant  mole- 
cules of  crystals  were  simple  laminae,  whose  thickness  was 
incomparably  less  than  their  other  dimensions,  and  not 
small  solids,  the  thickness  of  which  was  equal,  or  at  least 
in  proportion  to  their  breadth  and  length.  In  the  Journal 
des  Mines,  No.  28,  p.  305,  I  have  detailed  thg  numerous 

and 
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and  decisive  proofs  which  confirm  this  last  opinion,  and  I 
have  even  demonstrated  that  the  dimensions  and  angles  of 
these  molecules  were  invariable  in  all  primitive  crystals  of 
one  and  the  same  substance.  I  shall  not  stop  here  aoain  to 
obviate  the  d;fficuhies  which  opposed  my  progress,  be- 
cause I  have  had  the  satisfaction  of  observing  that  the  an- 
swers sugoested  themselves  as  if  spontaneously  to  those  who 
are  in  posession  of  the  theory,  and  because  it  appears  to  me 
that  this  theory  luis  been  taken  up  by  the  only  author  who 
studied  it  in  the  same  points  of  view  with  myself*. 

But  every  form  of  the  integrant  molecule  varies  in  its  di- 
mensions, or  in  the  measurement  of  irs  angles,  according  to 
the  species  to  which  it  belongsf.  The  parallelopipedonis  some- 
times oblique-anolcd,  and  sometimes  rioht-angled  :  some- 
times it  presents  the  form  of  the  rhomboid,  and  at  other 
times  that  of  the  cube,  which  is  tl^  most  perfect  amouc;  the 
forms  of  this  kind.  In  some  cases  the  triangular  prism  is 
merely  isoscele  ;  in  other  cases  it  is  equilateral  ;  and  in  this 
last  case,  the  relation  hzXw  een  its  height  and  the  side  of  its 
base  varies  in  both  species.  The  tetrahedron  undenroes 
analogous  diversities. 

There  exist,  however,  forms  of  integrant  molecules,  as 
well  as  primitive  forms  which  are  common  to  several  sub- 
fitances  of  diverse  natures.  For  example,  rauriated  soda  an4 
sulphuretted  iron  both  have  the  cube  as  their  priniitive  form. 
The  regular  octahedron  is  that  of  the  ruby,  and  at  the  same 
time  that  of  native  bismuth.  In  this  case  the  elementary 
molecules,  ahhough  different  in  all.respect=,  are  so  arranged 
that  there  results  the  same  external  configuration  nearly  j  as 
in  geometry,  we  may  compose  a  square  in  several  ways  bv 
assortments  of  figures  which  will  differ  from  each  other  in 
the  various  squares.  Besides,  if  observation  has  proved  that 
mineral  substances,  distinct  in  their  nature,  sometimes  ex- 
hibit secondary  crystals  of  the  same  form,  (for  instance, 
regular  hexahedral  prisms  with  a  diversity  of  structure  which 
would  suppose  one  in  the  forms  of  the  molecules  themselves) 
ought  we  to  be  surprised  also  to  find  in  different  species  inte- 
grant molecules,  the  forms  of  which,  similar  externally,  are 
owing  to  combinations  of  principles  which  cannot  have  an\' 
relation  with  each  other?  But  it  is  worthy  of  attention  that 
Jaitherto  these  forms  common  to  several  minerals  were  al- 
ways those  which  have  a  remarkable  character  for  simplicity 

*  Theorie  de  la  Trrre,  par  Lametherie,  2d  edit,  tome  i.  p.  SJ  et  seq, 
f  Observation  only  makes  known  die  measurements  of  angles,  and  not  the 
reterence  of  diaiensiuns ;  theory,  however,  fiiraUhes  us  with  data  for  de- 
termining th-e  latter. 
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and  regularity,  such  as  the  cube,  the  regular  octahedron, 
the  dodecahedron  with  rhombous  planes  all  equal  and  suinlar, 
&c.  These  forms  are  kinds  of  limits  which  crystallization 
attains  by  different  routes  ;  while;  with  respect  to  other 
forms  quite  diffcrert  from  those  limits,  it  has  a  single  di- 
rection only  which  ends  in  any  particular  species  of  mineral. 

Laws  to  ivhicfi  the  Structure  is  subjected. — After  having 
determined  the  primitive  forms,  and  those  of  the  integrant 
molecules,  it  remains  to  inquire  fot  the  laws  pursued  by 
these  molecules  in  their  arrangement,  in  order  to  produce 
these  regular  kinds  of  envelopes,  which  disguise  one  and  the 
same  primitive  form  in  so  many  different  ways. 

Now  observation  shows  that  this  surrounding  matter  is 
an  assemblage  of  laminae,  which,  setting  out  from  the  pri- 
mitive form,  decrease  in  extent,  both  on  all  sides  at  once, 
and  sometimes  in  certain  particular  parts  only.  This  decre- 
ment is  effected  by  regular  subtractions  of  one  or  more 
rows  of  integrant  molecules  ;  and  the  theory,  in  determining 
the  number  of  these  rows  by  means  of  calculation,  succeeds 
in  representing  all  the  known  results  of  crystallization,  and 
even  anticipates  future  discoveries  indicating  forms  which, 
being  still  hypothetical  onlv,  may  one  day  be  presented  to 
the  inquiries  of  the  naturalist. 

Some  very  simple  examples  will  serve  for  giving  an  idea 
of  the  laws  to  which  the  decrements  in  question  are  sub- 
jected. 

[To  be  continued.] 

XV.  The  Bakerian  Lecture.  An  Account  of  some  new  analy- 
tical Researches  on  the  Nature  of  certain  Bodies,  particu- 
larly the  yllkaUes,  Phosphort/.s,  Sulphur,  Carbonaceous 
Matter,  and  the  Acids  hitherto  imdecomposed  ;  with  some 
general  Observations  on  Chemical  Theory.  By  Humphry 
Davy,  Esq.,  Sec.  R.S.,  F.R.S.  Edin.,  and  ALR.I^, 

[Continued  from  p.  19.] 

TV.  Analytical  Experiments  on  Phosphorus. 

i  HE  same  analogies  apply  to  phosphorus  as  to  sulphur,  ana 
I  have  made  a  similar  series  of  experiments  on  this  inflam- 
mable substance. 

Common  electrical  sparks,  passed  through  phosphorus, 
did  not  evolve  from  it  anv  permanent  gas  ;  but  when  it 
was  acted  upon  by  the  Voltaic  electricity  of  the  battery  of' 
five  hundred  plates  in  the  same  manner  as  sulphur,  gas  was 
produced  in  considerable  quantities,  and  the  phosphorus  be- 
came 
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came  of  a  deep  red  brown  colour,  like  phosphorus  that  has 
been  inflamed  and  extinguished  under  water.  The  gas  ex- 
amined proved  to  be  phosphuretted  hydrogen,  and  in  one 
experiment,  continued  for  some  hours,  a  quantity  estimated 
to  be  nearly  equal  to  four  times  the  volume  of  the  phospho- 
rus employed  was  given  off.  The  light  of  the  Voltaic  spark 
in  the  phosphorus  was  ac  first  a  brilliant  yellow,  but  as  the 
colour  of  the  phosphorus  changed,  it  appeared  orange, 

I  heated  three  grains  of  potassium  in  sixteen  cubicaf 
inches  of  phosphuretted  hydrogen  ;  as  soon  as  it  was  fused, 
the  retort  became  filled  with  white  fumes,  and  a  reddisb 
substance  precipitated  upon  the  sides _  and  upper  part  of  it. 
The  heat  was  applied  for  some  minutes.  No  inflammation 
took  place*.  When  the  retort  was  cool,  the  absorption  wa* 
found  to  be  less  than  a  cubical  inch.  The  potassium  ex- 
ternally was  of  a  deep  brown  colour,  internally  it  was  of 
a  dull  lead  ccjlour.  Ihe  residual  gas  had  lost  its  property  of 
spontaneous  inflammation,  but  seemed  still  to  contain  a 
small  quantity  of  phosphorus  in  solution. 

The  phosphuret  acted  upon  over  mercury  bv  solution  of 
muriatic  acid  evolved  only  one  cubical  inch  and  three  quar- 
ters of  phosphuretted  hydrogen. 

From  this  experiment,  there  is  great  reason  to  suppose 
that  phosphuretted  hvdro^en  contains  a  minute  proportion  of 
oxygen,  and  consequently  that  phosphorus  likewise  may 
contain  it ;  but  the  action  of  potassium  on  phosphorus  itself 
furnishes  perhaps  more  direct  evidences  of  the  circumstance. 
One  grain  of  potassium  and  one  grain  of  phosphorus  were 
fused  together  in  a  proper  apparatus.  They  combined  with 
the  production  of  the  most  vivid  light  and  intense  ignition. 
During  the  process  one-tenth  of  a  cubical  inch  of  phosphu- 
retted hydrogen  was  evolved.  The  phosphuret  Ibrmed,  ex- 
posed to  the  action  of  diluted  muriatic  acid  over  mercury, 
produced  exactly  three-tenths  of  a  cubical  inch  of  phosphu- 
retted hydrogen. 

In  a  second  experiment,  one  grain  of  potassium  was  fused 
with  three  grains  of  phosphorus;  in  this  case  nearly  a  quar- 
ter of  a  cubical  inch  of  phosphuretted  hvdroc;;en  was  gene- 
rated during  the  ignition.  But  from  the  compound  exposed 
to  muriatic  acid,  only  one-tenth  of  a  cubical  inch  could  be 
procured. 

Now  it  is  not  easy  to  refer  the  deficiency  of  phosphuretted 

*  It  is  stated,  in  tlie  account  before  referred  to  of  MM.  GayLussac's  and 
rheiiard's  expeninients,  that  potassium  inflames  in  phosphuretted  hydrogen. 
My  experiments  upon  this  gas  hare  been  often  repeated.     I  have  never  per- 
.  ceived  any  luminous  appearance;  but  Ihave  always  operated  in  dayhght. 

hydrogen 
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hydrogen  in  the  second  case  to  any  other  canse  thin  to  ih€ 
supply  of  oxygen  to  the  potassium  from  the  phosphorus  ; 
and  the  qmnlitv  of  phosphuretted  hydrogen  evolved  in  the 
first  case,  is  much  less  than  could  be  expected,  if  both  po- 
tassium and  phosphorus  consisted  merely  of  pure  combustible 
malter. 

The  phosphoric  acid,  formed  by  the  combustion  of  phos- 
phorus, ihoui'Ji  a  crystalline  solid,  may  still  contain  rt-ater* 
The  bydrosxen  evolved  Irom  phosphorus  by  electricity  proves 
indeed  thafthis  must  be  the  case;  and  though  the  quantity 
of  hydrogen  and  oxygen  in  phosphor;;s  may  be  exceedingly 
small,  vet  they  may  .be  sufficient  to  give  it  pecrdiar  cba-» 
racters:  and  ill!  the  basis  is  obtained  free,  we  shall  have  no 
knowledge  of  the  properties  of  the  pure  phosphoric  element. 

V.  On  the  Stales  of  the  carlonnccons  Principle  in  Plumlago, 
Charcoal,  and  the  Diamonds 

The  accurate  researches  of  ^-Icssrs.  Allen  and  Pepys  have 
flisiinctly  proved,  that  plunibago,  charcoal,  and  the  diamond, 
produce  very  nearly  the  sanie  quantilies  of  carbonic  acid, 
and  alisorb  very  nearly  the  same  quantities  of  oxygeii  in 
combustion. 

[Jcnce  it  is  evident,  that  they  must  consist  principally  of. 
the  same  kind  of  elementary  matter ;  but  minute  researches 
upon  their  chemical  relations,  when  examined  by  new  ana- 
lytical methods,  will,  I  am  inclined  to  believe,  shov^' that  the 
great  ditTerence  in  their  physical  properties  does  not  merely 
depend  upon  the  differences  of  the  mechanical  arrangement 
of  their  parts,  but  likewise  upon  differences  in  their  intimate 
chemical  nature, 

J  endeavoured  to  discover,  wheiher  any  clastic  matter 
could  be  obtained  from  plumbago  very  intensely  ignited  by 
the  Voltaic  battery  in.  a  Torricellian  vacuum  :  but  though 
the  hijihest  power  of  the  battery  of  five  hundred  was  em- 
ployed, and  though  the  heat  was  such,  as  in  another  expe- 
riment instanily  melted  platina  v/ire  of  ^'^-th  of  an  inch  in 
diameter,  yet  no  appearance  of  change  took  place  upon  the 
plumbago,  its  characters  remained  wholly  unaltered,  and 
no  permanent  elastic  fluid  was  formed. 

I  heated  one  grain  of  plumbago,  with  twice  its  weight  of 
potassium,  in  a  plate  glass  tube  connected  with  a  proper  ap- 
paratus, and  1  heated  an  equal  quantity  of  potassium  alone 
jn  a  tube  of  the  same  kind,  for  an  equal  length  of  time, 
namely,  eight  minutes.  Both  tubes  were  filled  with  hydro- 
gen :  no  gas  was  evolved  in  either  case.  There  was  no  ignl- 
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tion  in  the  tube  containing  the  plumbago,  but  it  seemed 
gradually  to  combine  with  the  potassium.  The  two  results 
were  exposed  to  the  action  of  water;  the  result  from  the 
plumbago  acted  upon  that  fluid  with  as  much  energy  as 
the  other  result,  and  the  two  volumes  of  elastic  fluids 
\vcre  1*8  cubical  inches  and  1'9  cubical  inches ;  and  both 
gave  the  same  diminution  by  detonation  with  oxygen,  as 
pure  hydrogen.  ,Two  grains  of  potass-ium,  by  acting  upon 
water,  would  have  produced  two  cubical  inches  and  one- 
eighth  of  hvdrogen  gas;  the  deticiency  in  the  result,  in 
which  potassium  alone  was  uScd,  must  be  ascribed  to  the 
loss  of  a  small  quantity  of  metal,  which  must  have  bceri 
carried  off  in  solution  in  the  hydrogen,  and  perhaps,  like- 
wise, to  the  action  of  the  minute  quantity  of  metallic  oxides 
in  the  plate  glass.  The  difference  in  the  quantity  of  hvdro- 
gen given  off  in  the  two  results,  is  however  too  slight  to 
ascribe  it  to  the  existence  of  oxygen  in  the  plumbago. 
*»  I  repeated  this  experiment  several  times  with  like  results, 
and  in  two  or  three  instances  examined  the  compound  form- 
ed. It  was  infusible  at  a  red  heat,  bad  tlie  lustre  of  plum- 
bago. It  infiamed  spontaneously,  when  exposed  to  air, 
generated  potash,  and  left  a  black  powdery  residuum.  It 
L'ffervesced  most  violently  in  water,  and  produced  a  gas, 
vi'hich  burnt  like  pure  hydrogen. 

When  small  pieces  of  charcoal  from  the  willow,  that  had 
been  intensely  ignited,  were  acted  upon  by  Voltaic  electri- 
city in  a  Torricellian  vacuum,  every  precaution  beinor  taken 
to  exclude  moisture  from  the  mercury  and  the  charcoal,  the' 
results  were  very  different  from  those  occurring  in  the  case 
of  plumbago. 

When  plumbago  was  used,  after  the  first  spark,  which 
generally  passed  through  a  distance  of  about  one -eighth  of 
an  inch,  there  was  no  ccntinualion  of  light,  without  a  con- 
tact or  an  approach  to  the  same  distance;  but  from  the 
charcoal  a  flange  seemed  to  issue  of  a  most  brilliant  purple, 
and  formed,  as  it  were,  a  conducting  chain  of  light  of 
nearly  an  inch  in  length,  at  the  same  time  that  elastic  mat- 
ter was  rapidly  formed,  some  of  which  was  permanent. 
After  many  unsuccessful  trials,  I  at  length  succeeded  in 
collecting  the  quantitv  of  elastic  fluid  given  out  by  half  a 
grain  of  charcoal;  the  process  had  been  continued  nearlv 
half  an  hour.  The  quantity  of  gas  amounted  to  nearly  aix 
eighth  of  a  cubical  inch  ;  it  was  inflammable  bv  the  electric 
spark  with  oxygen  gas,  and  four  measures  of  it  absorbed 
three  measures  of  oxygen,  and  produced  one  measure  and  a> 
half  of  carbonic  acid.     The  charcoal  in  this  experiment  had 
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become  h.irder  al  the  point,  and  its  lustre,  where  it  had  been 
heated  ti  whiteness,  aivjiriaehed  lo  that  of  plumbago. 

i  heated  two  grains  (vt  potassiuai  together  with  two  grains 
of  char.oal,  for  five  minutes;  and  to  estimate  the  effects  of 
the  metallic  oxidts  and  potash  in  the  green  glass  tube,  I 
iTiadc  a  compara;ivt'  exocriment,  as  in  the  caseof  plumbasjo  ; 
but  there  was  n)  proof  of  anv  oxygen  being  furnished  to  the 
potassium  from  the  charcoal  in  the  process,  for  the  com- 
pound acted  upon  water  with  great  energy,  and  produced  a 
q'lantity  of  indammable  gas,  only  inferior  by  one-twelfth  to 
that  produced  by  the  poiassiuii),  which  had  not  been  com- 
bined with  charcoal,  and  which  gave  the  same  diminution 
by  detonation  with  oxvgcii ;  and  the  slight  difference  may 
be  well  ascribed  to  the  influence  of  foreign  matters  in  the 
charcoal.  There  was  no  ignition  in  the  process,  and  no 
gas  was  evolved. 

The  compound  produced  in  other  experiments  of  this  kind 
was  examined.  It  is  a  conductor  of  electricitv,  is  of  a  dense 
black,  inflames  spontaneously,  and  burns  with  a  deep  red 
light  in  the  atmosphere*. 

The  non-vjonduciing  nature  of  the  diamond,  and  its  infusi- 
bility,  rendered  t  in>;>os?ible  to  act  upon  it  by  Voltaic  elec- 
iricity ;  and  the  only  ne.v  agents  which  seemed  to  offer  any 
means  of  deconipo'^ing  it,  were  the  tnetals  of  the  alkalies. 

When  a  dianiond  is  heated  in  a  green  glass  tube  with  po- 
tassium, there  is  no  elastic  fluid  given  out,  and  no  intensity 
of  action  ;  but  the  diamond  soon  blackens,  and  scales  seem 
to  detach  themselves  from  it ;  and  these  scales,  when  ex- 
amined in  the  magnifier,  are  grav  externally,  and  of  the 
colour  of  plumbago  internally,  as  if  they  consisted  of  plum- 
bago covered  by  the  grav  oxide  of  j)otassium. 

In  heating  together  three  grains  of  diamonds  in  powder, 
and  two  grains  of  potassium,  for  an  hour  in  a  small  retort 
of  plate  glass  filled  with  hydrogen,  and  making  the  com- 
parative trial  with  t^vo  grains  of  potassium  bt  ated  in  a  simi- 
lar apparatus,  without  any  diamonds,  I  fouiid  that  the  po- 
tassium which  had  been  heated  with  the  diamonds,  produced, 
by  its  action  upon  water,  one  cubical  inch  ilnd  -j^^*^^  of  in- 
ilammable  air,  and  that  which  had  been  exposed  to  heat 
alone,  all  other  circumstances  beinsr  siniilar,  evolved  nearly 
one  cubical  inch  and  ^Vths,  both  of  which  were  pure  hy- 
drogen. 

*  In  the  Bakerian  Lecture  for  1S07,  1  have  mentioned  the  decomposition 
of  carbonic  acid  by  potassium,  which  takes  place  with,  iiiflammatiou.  If  the 
potassium  is  in  excess  in  this- experimeut,  the  same  pyruphorus  as  that  de- 
scribed abov«  is  ioiuiedj. 

It 
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In  another  experiment  of  a  siinHar  kind,  ia  which  fraii;- 
ments  uf  diamonds  uere  used  in  the  quantity  of  four  grains, 
the  potassium  becanje  extremely  bl.ici^  irom  its  aetiou  upon 
them  during  an  exposure  to  heat  for  three  hours,  and  the 
diamonds  were  covered  with  ajgrayis^h  crust,  and  when  acted 
upon  by  water  and  dried,  were  iound  to  have  lost  about 
T-j^ihs  of  a  graia  in  weight.  The. njatter  separated  by  wash- 
ing, and  examined,  appeared  as  a  fine  powder  of  a  dtn^^e 
black  colour.  When  a  surface  of  jjjalina  wire  was  covered 
with  it,  and  made  to  touch  another  wire  in  the  Voltaic  cir- 
cuit, a  brjiHant  spark  with  combustion  occurred.  It  burnt, 
when  heated  to  redness  in  a- green  glass  tube  tilled  with  oxy- 
gen gas,  and  produced  carbonic  acid  by  its  combustion. 

These  general  results  seem  to  sbo^',  that  in  plumiiago  the 
carbonaceous  element  exists  merely  in  combination  with  iron, 
and  in  a  form  which  may  be  regarded  as  approaching  to  that 
of  a  metal  in  its  nature,  being:  condiictinti;  in  a  hijrh  dcjiree,- 
opaque,  and  possessuig  considerable  lustre. 

Charcoal  appears  to  contain  a  n)inute  quantity  of  hydro-^ 
gen  in  combination.  Possibly  lij<ewi3e,  the  alka'ies  and 
earths  produced  during -its  combustion,  exist  in  it  not  fully 
combined  \yith  oKygen^  and  accprding  to  these  ideas,  it  is,  a 
verv  compounded  substance,  though  in  the  main  it  consists 
of  the  pure  carbonaceous  element. 

The  experimeiUs  on  the  diamond  render  it  extremely  hkely 
that  it  contains  oxvaen  ;  but  the  quantity  must  be  exceed* 
ingly  minute,  though  probably  sufhcient  to  render  the  com- 
pound non-conduclmg  .-  and  if  the  carijonaceous  elenient  in 
charcoal  and  the  diamond  be  considefed  as  united  to  still  less, 
foreign  matter  in  quantity,  than  in  plumbago,  which  con- 
tains about -j'ji-th  of  iron,  the  results  of  their  combustion,  as' 
exannned  indepcidenily  of  hygromeLrical  tests,  will  not 
difft-r  perceptibly. 

Whoever  considers  the  difference  between  iron  and  steel, 
in  which  there  daes, not  exist  more  than  -a-g-pth  of  plumbago, 
or  the  difference  betvyeen  the  amaliiam  of  ammonium,  and 
mercury,  in  which  \he  quantity  of  new  matter  is  not  more 
than  -pg-^-^th,  ;or  that  between  the  nifctais  and  their  sub- 
oxides, some  of  which  contain  less  than  tV^'^  ^^  oxygen,, 
will  not  be  disjjosed  to  question  the  principle,  that  minute 
ditferences  in  chemical  composition  may  produce  great  diffe- 
rences iu  exlj3fnal  and  physical  characters. 

VI.  Experif^enison.tJis  Decern f/osif ion  and  Composition  of 
the  Boracic  Acid. 
In  the  last  Bakeriadi  Lecture,  i  have  givGn  an  account  of 
Vol".  34.  No.  136.  Aiimist  1809.  Jti  an 
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an  experiment  in  which  boiaclc  acid  appeared  to  be  decom- 
posed by  Voltaic  electricity,  a  dark-coloured  inflammable 
substance  separating  from  it  on  the  negative  surface. 

In  the  cour^e  of  the  spring  and  summer,  I  made  many 
attempts  to  collect  quantities  of  this  substance  for  minute 
examination.  When  boracic  acid,  moistened  with  water, 
\vas  exposed  between  two  surfaces  of  platina,  acted  on  by 
the  full  power  of  the  battery  of  five  hundred,  an  olive-brown 
matter  immediately  began  to  form  on  the  negative  surface, 
M'hich  gradually  increased  in  thickness,  and  at  last  appeared 
almost  black.  It  was  permanent  in  water,  but  soluble  with 
effervescence  in  warm  nitrous  acid.  When  heated  to  redness 
upon  the  platina  it  burnt  slowly,  and  gave  off  white  fumes, 
which  slightly  reddened  moistened  litmus  paper,  and  it  left 
a  black  mass,  which,  when  examined  by  the  magnifier,  ap- 
peared vitreous  at  the  surface,  and  evidently  contained  a 
fixed  acid. 

These  circumstances  seemed  distinctly  to  show  the  de- 
composition and  rccomposition  of  the  boracic  acid  ;  but  as 
the  peculiar  combustible  substance  was  a  non-conductor  of 
electricity,  I  was  never  able  to  obtain  it,  except  in  very  thin 
films  upon  the  platina.  It  was  not  possible  to  exan)ine  its 
properties  minutely,  or  to  determine  its  precise  nature,  or 
whether  it  was  the  pure  boracic  basis ;  I  consequently  en- 
deavoured to  apply  other  methods  of  decomposition,  and  to 
find  other  more  unequivocal  evidences  upon  this  important 
chemical  subject. 

I  have  already  laid  before  the  Society  an  account  of  an 
experiment*,  in  which  boracic  acid,  heated  in  contact  with 
potassium  in  a  gold  tube,  was  converted  into  borate  of  pot- 
ash, at  the  same  time  that  a  dark-coloured  matter,  similar 
to  that  produced  from  the  acid  by  electricity,  was  formed. 
About  two  montlis  after  this  experiment  had  been  made, 
jiamelv,  in  the  beginning  of  August,  at  a  time  that  I  was 
repeating  the  process,  and  examining  minutely  the  results, 
I  was  informed,  by  a  letter  from  Mr.  Cadell  at  Paris,  that 
M.  Thcnard  was  employed  in  the  decomposition  of  the  bo- 
racic acid  by  potassium,  and  that  he  had  heated  the  two 
substances  tocieiher  in  a  copper  tube,  and  had  obtained  bo- 
rate c\'  potash,  and  a  peculiar  matter  concerning  the  nature 
of  which  no  details  were  given  in  the  communication. 

That  the  same  results  must  be  obtained  by  the  same  me- 
thods of  operating,  there  could  be  no  doubt.  The  evidences 
icr  the  decomposition  of  the  boracic  acid  are  easily  gained. 
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the  svntheticai  proofs  erf  its  nature  involve  more  complicated 
circiuTjstaiices. 

1  found  that  when  equal  weights  of  potassium  and  boracic 
acid  were  heated  tooxther  ia  a  green  glass  tube,  which  had 
been  exhausted  after  bavinsrbeen  twice  filled  with  hvdrogen, 
there  was  a  most  mteiise  ignition  before  the  temperature  was 
neiiriv  raised  to  the  red  heat ;  the  potassium  entered  into 
vivid  inHdunnalion,  where  it  wa?  in  contact  with  the  buracie 
acid.  When  this  acid  had  been  heated  to  whiteness,  before 
it  was  introduced  into  the  tube,  and  powdered  and  made 
use  of  whiUt  \et  warm,  the  quantity  oi  ga?  tiiven  out  in  the 
operation  did  not  exceed 'twice  the  volume  of  the  acid,  and 
was  hydrogen. 

I  could  only  use  twelve  or  fourteen  grains  of  each  of  the 
two  substances  in  this  mode  of  conducting  the  expernnent ; 
for  when  larcer  quantities  were  employed,  the  glass  tube 
always  ran  into  fusion  from  the  intensity  of  the  heat  pro* 
duced  during  the  action. 

When  the  film  of  naphtha  had  not  been  carefully  removed 
from  the  potassium,  the  mass  appeared  black  throughout; 
but  when  this  had  been  the  case,  the  colour  was  of  a  dark 
olive-brown. 

In  several  experiments,  in  which  1  used  equal  parts  of 
the  acid  and  metal,  I  found  that  there  was  always  a  jireat 
quantity  of  the  former  in  the  residuum ;  and  by  various  trials, 
I  ascertained  that  twenty  grains  of  potassium  had  their  in- 
flanmiabiliiy  entirely  destroyed  by  about  eight  grains  of  bo- 
racic acid. 

For  collecting  considerable  portions  of  the  matters  formed 
in  the  proce?*,  I  used  metallic  tubes  furnished  with  stop- 
cocks, and  exhausted  alter  being  filled  with  jivdrogen. 

When  tubes  of  brass  or  copper  were  emploved,  the  heat 
wqs  only  raised  to  a  dull  red  ;  but  when  iron  tubes  were 
used,  it  was  pushed  to  whiteness.  In  all  cases  the  acid  was 
decomposed,  and  the  products  were  scarcely  different. 

When  the  result  was  taken  out  of  a  tube  of  brass  or  cop- 
per, it  appeared  as  an  olive-coloure^  glass,  having  opaque, 
dull  olive-brown  specks  ditl'used  through  it. 

It  gave  a  very  sliglu  effervescence  with  water,  and  par- 
tially dissolved  in  hot  water,  a  dark  olive-coloured  powder 
separating  from  it. 

The  results  from  the  iron  tube,  which  had  been  much 
more  strongly  heated,  were  dark  olive  .in  some  parts,  and 
almost  black  iu  others.  They  did  not  efiervesce  with  warm 
v/ater,  but  were  rapidly  acted  upon  by  it,  and  the  particles 
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separated  by  washing  were   of  a  shade  of  olive,  so  dark  as 
to  appear  almost  black  on  white  paper. 

The  solutions  obtained,  when  passed  through  a  filter,  had 
a  faint  olive  tint,  and  contained  sub-borate  of  potash,  and 
potash.  Incases  when,  instead  of  water,  a  weak  solution 
of  muriatic  acid  was  used  for  separating  the  saline  matter 
from  the  inflammable  matter,  the  fluid  came  through  the 
filter  colourless. 

In  describing  the  properties  of  the  new  inflammable  sub- 
stance separated  by  washing,  I  shall  speak  of  that  collected 
ffom  operations  conducted  in  tubes  of  brass,  in  the  manner 
that  h, 3  been  just  mentioned;  for  it  is  in  this  way  that  I 
have  collected  the  largest  quantities. 

It  appears  as  a  pulverulent  mass  of  the  darkest  shades  of 
q^ive.  It  is  perfectly  opaque.  It  is  very  friable,  and  its 
powder  does  not  scratch  glass.  It  is  a  non-conductor  of 
electricity. 

When  it  has  been  dried  oiilv  at  100  or  120'',  it  gives  off 
moisture  by  increase  of  temperature,  and  if  heated  in  the 
atmosphere,  takes  fire  at  a  temperature  below  the  boiling 
point  of  olive  oil,  and  burns  with  a  red  light  and  scintilla- 
tions like  charcoal. 

If  it  be  excluded  from  air  and  heated  to  w  hiteness  in  a  tube 
of  platina,  exhausted  after  having  been  filled  witli  hvdrogen, 
it  is  found  verv  little  altered  after  the  prf>cess.  Its  colour  is 
a  little  darker,  and  it  is  rather  denser;  but  no  indications  are 
given  of  any  part  of  it  having  undergone  fus.ion,  volatiliza- 
tion, or  decomposition.  Belore  the  process  its  specific  gra- 
vity is  such  that  it  does  not  sink  in  sulphuric  acid;  but  after, 
it  rapidly  falls  to  the  bottom  in  this  fluid. 

The  phsenorjcna  of  its  combustion  are  best  witnessed  in 
a  retort  filled  with  oxygen  eas.  When  the  bottom  of  the 
retort  is  sently  heated  by  a  spirit  lamp,  it  throws  off  most 
vivid  scintillations  like  thoae  from  the  combustiiMi  of  the 
bark  of  charcoal,  and  the  mass  burns  with  a  brilliant  light. 
A  sublimate  rises  from  it,  which  is  boracic  acid  ;  and  it  be- 
comes coated  w  ith  a  vitreous  substance,  which  proves  like- 
wise to  be  boracic  acid  :  and  after  this  has  been  waslied  off, 
the  lesiduum  appears  perfectly  black,  and  recjuires  a  higher 
temperature  for  its  inflammation  than  the  olive- coloured 
substance  ;  and  by  its  inflammation  produces  a  fresh  portion 
of  boracic  acid. 

In  oxymuriatic  acid  gas,  the  peculiar  inflammable  sub- 
stance occasions   some  beautiful  phaenonjcna.     When  this 
gas  is  brought  in,  contact  with  it  at  common  temperatures, 
♦•  .  It 
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it  instan»lv  takes  fire  and  burns  with  a  brilliant  white  light, 
a  white  substance  coats  the  interior  of  the  vessel  in  which 
the  experiment  is  made,  and  the  peculiar  substance  is  tound 
covered  bv  a  white  film,  which,  by  washing-,  affords  boracic 
acid,  and  leaves  a  black  matter,  which  is  not  spontaneously 
inflammable  in  a  fresh  portion  of  the  gas;  but  which  in-* 
flames  in  it  by  a  gentle  heat,  and  produces  boracic  acid. 

The  peculiar  inflammable  substance,  when  |ieated  nearly 
to  redness  in  hydrogen,  or  nitrogen,  did  not  seem  to  dis- 
solve in  these  gases,  or  to  act  upon  them  ;  it  merely  gained 
a  darker  shade  of  colour,  and  a  little  moisture  rose  from  it, 
which  condensed  in  the  neck  of  the  retort  in  which  the  ex- 
periment was  made. 

On  the  fluid  menstrua  aontaining  oxygen,  it  produced 
effects  which  might  be  looked  for  from  the  phenomena  of 
its  agency  on  sases. 

When  thrown  into  concentrated  nitric  acid,  it  rendered  it 
bright  red,  so  that  nitrous  gas  was  produced  and  absorbed, 
hut  it  did  not  dissolve  rapidly  till  the  acid  was  heated  ;  when 
there  was  a  considerable  effervescence,  the  peculiar  substance 
disappeared,  nitrous  gas  was  evolved,  and  the  fluid  afforded 
boracic  acid. 

It  did  not  act  upon  concentrated  sulphuric  acid  till  heat 
was  applied ;  it  then  produced  a  slight  effervescence ;  the 
acid  became  black  at  its  points  of  contact  with  the  solid  ;  and 
a  deep  brown  solution  was  formed,  which,  when  neutralized 
by  potash,  gave  a  black  precipitate. 

When  heated  in  a  strono;  solution  of  muriatic  acid,  it  gave 
it  a  faint  tint  of  crecn  ;  but  there  was  no  vividness  of  action^ 
or  considerable  solution. 

On  acetic  acid  heated,  it  had  no  perceptible  action. 

It  combined  with  the  fixed  alkalies,  both  by  fusion  and 
aqueous  solution,  and  formed  pale  olive-coloured  com- 
pounds, which  gave  dark  precipitates  when  decomposed  by 
muriatic  acid. 

Whcni  it  was  kept  long  in  contact  with  sulphur  in  fusion, 
it  slowly  dissolved,  and  the  sulphur  acquired  an  olive  tint. 
It  was  still  less  acted  upon  by  phosphorus,  and  after  an  hour's 
exposure  to  it,  had  scarcely  diminished  in  quantity,  but  the 
ph.osphorus  had  gained  a  tint  of  pale  green. 

It  did  not  combine  with  mercury,  when  they  were  heated 
together. 

These  circumstances  are  sufficient  to  show,  that  the  com- 
bustible substance  obtained  from  boracic  acid  by  the  agency 
of  potassium,  is  different  from  any  other  known  species  of 
matter,  and  it  seems;,  as  far  as  the  evidence  extends,  to  be 

H  3  the 


118  On  some  new  analytical  Rtsearclies 

(lie  same  as  that  procured  from  itbv  electricity  ;  and  the  two 
scries  of  facts  seem  fully  to  establish  the  decomposition 
yntl  recoiuposition  of  the  acid. 

From  the  large  quantity  of  potassium  required  to  decom- 
pose a  small  quantity  ot  the  acid,  it  is  evident  that  the 
Jjoracic  acid  must  contain  a  considerable  proportion  of  oxy- 
gen. I  have  endeavoured  to  determine  the  relative  weights 
of  the  peculiar  inflanmiable  matter  and  owgen,  which  com- 
pose a  given  weight  of  boracic  acid  ;  and  to  this  end  f  made 
several  analytical  and  synthetical  experiments;  I  shall  give 
the  results  of  the  two  which  I  consider  most  accurate. 

Twenty  grains  of  boracic  acid  and  thirty  grains  of  potas- 
>sium  were  made  to  act  upon  each  other  by  heat  in  a  tube 
of  brass ;  the  result  did  not  effervesce  when  washed  with  di- 
luted n)uriatic  acid  ;  and  there  were  obtained  after  the  pro- 
cess, bv  slight  lixivialion  in  warn)  water,  two  grains  and 
about  -y^ths  of  the  olive- coloured  matter.  Now  thnty  grains 
of  poti'.-sium  v'ould  require  about  five  grains  of  oxygen,  to 
form  thirty-five  of  potash  ;  and  according  to  this  estima- 
tion, boracic  acid  must  consist  of  about  one  of  the  peculiar 
inflammable  substance,  to  nearly  two  of  oxygen. 

A  grain  of  the  inflammable  substance  in  very  fine  powder, 
and  ditiused  over  a  large  surface,  v/as  set  fire  to  in  a  retort, 
containing  twelve  cubical  inches  of  oxygen  ;  three  cubical 
inches  of  gas  were  absorbed,  and  the  black  residuum  col- 
lected after  the  boracic  acid  had  been  dissolved,  was  found 
to  equal  five-eighths  of  a  grain,  Thi?,  by  a  second  combus- 
tion, was  almost  entirely  converted  into  boracic  acid,  with 
the  absorption  ot  two  cubical  inches  and  one-eighth  more  of 
oxygen.  The  thermometer  in  this  experiment  was  at  58** 
Fahreub.eil,  and  the  barometer  at  .'^O'^. 

Accordiutr  to  this  rcault,  boracic  acid  would  consist  of 
one  of  the  iuflanuiiabic  nuitter,  to  about  I'S  of  oxygen; 
and  the  dark  residual  substance,  supposing  it  to  be  simply 
the  iuflamniabie  matter  combined  with  less  oxygen  than  is 
tuflScient  to  constitute  boracic  acid,  would  be  an  oxide, 
consisting  of  aboiit  4  7  of  inflammable  matter,  to  1-55  of 
oxygen. 

Ihese  estimations  I  do  not  however  venture  to  give  as 
entirelv  correct.  In  the  analytical  experiments,  there  are 
probably  sources  of  error,  from  the  solution  of  a  part  of  the 
inflammable  matter,  and  it  i)ossibiy  may  retain  alkali,  which 
cannot  be  separated  by  the  acid.  In  the  synthetical  process, 
in  which  washing  is  employed,  and  so  small  a  quantity  of 
nialter  used,  the  results  are  still  less  to  be  depended  upon; 
they  must  be  considered  only  as  imperfect  approximations. 

From 
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From  the  general  tenour  of  the  facts,  it  appears  that  the 
combustible  matter  obtained  from  boracic  acid  bears  the 
same  relation  to  that  substance,  as  sulphur  and  phosphorus 
do  to  the  sulphuric  ami  phosphoric  acids.  But  is  it  an  ele- 
mentary inflammable  body,  the  pure  basis  of  the  acid  ?  or  is 
it  not  like  sulphur  and  phosphorus,  compounded  ? 

Without  entering  into  any  discussion  concerning  ultimate 
elementary  matter,  there  are  many  circumstances  which  fa- 
vour the  idea,  that  the  dark  olive  substance  is  not  a  simple 
body;  its  being  non-conducting,  its  change  of  colour  by 
being  heated  in  hydrogen  gas,  and  its  power  of  combining 
with  the  alkalies  ;  for  these  properties  in  general  belong  to 
primary  compounds,  that  are  known  to  contain  oxygen. 

I  heated  the  olive-coloured  substance  with  potassium,  thert 
was  a  combination,  but  without  any  luminous  appearance, 
and  a  gray  metallic  mass  was  formed  ;  but  from  the  effect  of 
this  upon  water,  I  could  not  affirm  that  any  oxygen  had 
been  added  to  the  metal,  the  gas  given  off  had  a  peculiar 
smell,  and  took  up  more  oxygen  by  detonation  than  pure 
hydrogen,  from  which  it  seems  probable,  that  it  held  sonie 
of  the  combustible  matter  in  solution. 

It  occurred  to  me,  that  if  the  pure  inflammable  basis 
were  capable  of  being  deoxygenated  by  potassium,  it  would 
probably  possess  a  stronger  affinity  lor  oxvgen  than  hydro- 
gen, and  therefore  be  again  brought  to  its  former  state  by 
water.  I  made  another  experiment  on  the  operation  of  po- 
tassium, on  the  olive-coloured  substance,  and  exposed  the 
mixture  to  a  small  quantity  of  ether,  hoping  that  this  might 
contain  onlv  water  enough  to  oxvgenate  the  potassium  ;  but 
the  same  result  occurred  as  in  the  last  case;  and  a  combina- 
tion of  potash  and  the  olive-coloured  substance  was  pro- 
duced, insoluble  in  ether. 

I  covered  a  small  globule  of  potassium,  with  four  or  five 
times  its  weight  of  the  olive- coloured  matter,  in  a  platina 
tube  exhausted,  after  being  filled  with  hydrogen  ;  and  heated 
the  mixture  to  whileness  :  no  gas  was  evolved.  When  the 
tube  was  cooled,  naphtha  was  poured  into  it,  and  the  resuU 
examined  under  naphtha.  Its  colour  was  of  a  dense  black. 
It  had  a  lustre  scarcely  inferior  to  that  of  plumbago.  It  was 
a  conductor  of  electricity.  A  portion  of  it  thrown  into  w  ater 
occasioned  a  slight  effervescence;  and  the  solid  matter  sejia- 
rated  appeared  dark  olive,  and  the  water  became  slightly 
alkaline.  Another  portion  ex;^mined,  after  being  exposed 
to  air  for  a  few  minutes,  had  lost  its  conducting  power,  u  as 
brown  on  the  surface,  and  no  longer  produced  an  efferves- 
cence in  water. 

Hi  Some 
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Some  of  the  olive  inflninmable  matter,  with  a  little  potas- 
suun,  vA'as  heated  to  wliiieness,  covered  with  iron  lilings,  a 
(iark  metalliriv  juass  was  formed,  which  conducted  electri- 
city, and  which  produced  a  very  slight  eft'ervescence  in  water, 
and  gave  by  solution  in  nitric  acid,  oxide  of  iron  and  bo- 
racic  acid. 

The  substance  , which  etiters  into  alloy  with  potassium, 
and  with  iron,  I  am  inclined  to  consider  as  the  true  basis 
of  the  boracic  acid. 

In  the  olive-coloured  matter,  thi>  basis  seems  to  exist  in 
union  with  a  little  oxygen  ;  and  when  the  olive-coloured 
snbstance  is  dried  at  common  temperatures,  it  likewise  con- 
tains water. 

In  the  black  non-conducting  matter,  produced  in  the 
combustion  of  the  olive-coloured  substance,  the  basis  is  evi- 
dently combmed  with  much  more  oxvgen,  and  in  its  full 
state  of  oxygenation   it  constitutes  boracic  acid. 

From  the  colour  of  the  oxides,  their  solubility  in  alkalies, 
and  from  their  general  powers  of  combination,  and  from  the 
conducting  nature  and  lu::tre  of  the  matter  produced  by  the 
Action  of  a  small  quantit\-  of  potassium  upon  the  olive-co- 
loured substance,  and  from  all  analogv  ;  there  is  strong  rea- 
son to  consider  the  boracic  basis  as  metallic  in  its  nature,  and 
I  venture  to  propose  for  it  the  name  of  boracium. 

Vir.  AnaJ-iftkal  Inquiries  respecting  Fluoric  Acid. 

I  have  already  laid  before  the  Society  the  account  of  my 
/irst  experiments  on  the  action  of  potassium  on  fluoric  acid 
gas*. 

i. stated,  that  the  metal  burns  when  heated  in  this  clastic 
llLiid,  and  that  there  is  a  great  absorption  of  the  gas. 

Since  the  time  that  this  communication  was  made,  T  have 
carried  on  various  processes,  with  the  view  of  ascertaining, 
accurately,  the  products  of  combustion,  and  I  shall  now  de- 
scribe their  results. 

When  fluoric  acid  gas,  that  has  been  procured  in  contact 
with  glass,  is  introduced  into  a  plate  glass  retort,  exhausted 
after  being  lllled  with  hydrogen  gas,  white  fumes  are  imme- 
diately perceived.  The  n)ctal  loies  its  splendour,  and  be- 
comes covered  with  a  grayish  crust. 

When  the  bottom  of  the  retort  is  gently  heated,  the  fumeg 

*  Philosophical  Transactions,  Part  II.,  for  180S,  p.  S^.l.  The  combustion 
of  potassium  in  fluoric  acid  I  have  since  seen  mentioned  in  the  number  of  the 
Moniteur  already  so  often  quoted,  as  observed  by  MM.  Gay  Lussac  and 
•ThiCnard ;  but  no  notice  is  taken  of  the  results, 
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Ijecome  more  copious ;  thev  continue  for  some  time  to  be 
emitted,  but  at  last  cease  altogether. 

U  the  e,a3  is  examined  at  this  time,  its  volume  is  found 
to  be  a  little  increased,  by  the  addition  of  a  small  quantity 
of  hydrogen. 

No  new  fumes  are  produced  by  a  second  application  of  a 
low  heat ;  but  when  the  temperature  is  raised  nearly  to  the 
point  of  sublimation  of  potassium,  the  metal  rises  through 
the  crust,  becomes  first  of  a  copper  colour  and  then  of  a 
blueish  black,  and  soon  afier  infiames  and  burns  with  a  most 
brilliant  red  light. 

After  this  combustion,  either  the  wliole  or  a  part  of  the 
fluoric  acid,  according  as  the  quantity  of  potassium  is  great 
or  sinall,  is  found  to  be  destroyed  or  absorbed.  A  mass  of 
a  chocolate  colour  remains  in  the  bottom  of  the  retort  ;  and 
a  sublimate,  in  some  parts  chocolate,  and  in  others  yellow, 
is  found  round  the  sides,  and  at  the  top  of  the  retort.    • 

When  the  residua!  gas  afforded  bv  this  operation  is  washed 
with  water,  and  exposed  to  the  action  of  an  electrical  spark 
n)ixed  with  oxvgen  gas,  it  detonates,  and  affords  a  diminu- 
tion such  as  might  be  expected  from  hvdrogen  gas. 

The  proportional  quantity  of  ttiis  elastic  fluid  differs  a 
little  in  diffsTent  operations.  When  the  fluoric  acid  has  not 
been  artificially  dried,  it  amounts  to  one-sixth  or  one-seventh 
of  the  volume  of  the  acid  gas  used  ;  but  when  the  iluoric 
acid  has  been  long  exposed  to  calcined  sulphate  of  soda,  it 
seldom  amounts  to  one-tenth. 

I  have  endeavoured  to  collect  large  quanti:ies  of  the  cho- 
colate-coloured substance  for  minute  examination  j  but  some 
difficulties  occurred. 

When  T  used  from  eigliteen  to  twenty  grains  of  potassium, 
in  a  rutori  containing  from  twenty  to  thirty  cubical  inches  of 
fluoric  acid  gas,  the  intensity  of  the  heat  was  such,  as  lo 
fuse  the  bottom  of  the  retort,  and  destroy  the  results.  •   • 

In  a  very  thick  plate  glass  retort,  containing  about  nine- 
teen cubical  inches  of  gas,  I  once  succeeded  in  making  a 
decisive  experiment  on  ten  grains  and  a  half  of  potassium, 
and  I  found  that  about  fourteen  cm'iical  inches  of  fluoric  acrd 
disappeared,  and  about  two  and  a  quarter  of  hvdrogtn  gas 
were  evolved.  The  barometer  stood  at  30'3,  and  the  thi'i^- 
mometer  at  6l°  Fahrenheit ;  the  gas  had  not  been  artiHciaUy 
dried.  In  this  experiment  there  was  very  little  sublimate; 
hut  the  whole  of  the  bottom  of  the  retort  was  covered  wiilv 
a  brown  crust,  and  near  the  point  of  contact  with  the  bot- 
tom the  substance  was  darker  coloured;  ir.d  approaching' 
in  its  tint.lo  black, 

Whe» 
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When  the  product  was  examined  by  a  magnifier,  it  evi* 
dently  appeared  consisting  of  different  kinds  of  matter ;  a 
1)lackish  substance,  a  white,  apparently  saline  substance, 
and  a  substance  having  different  siiades  of  brown  and  fawn 
colour. 

The  mass  did  not  conduct  electricity,  and  none  of  its 
parts  could  be  separated,  so  as  to  be  examined  as  to  this 
property. 

When  a  portion  of  it  was  thrown  into  water,  it  effervesced 
violently,  and  the  gas  evolved  had  some  resemblance  in  smell 
to  phosphuretted  hydrogen,  and  was  inflammable. 

When  a  part  of  the  mass  was  heated  in  contact  with' air, 
it  burnt  slowly,  lost  its  brown  colour,  and  became  a  white 
saline  mass. 

Wben  heated  in  oxygen  gas,  in  a  retort  of  plate  glass,  it 
absorbed  a  portion  of  oxygen,  but  burnt  with  difficulty,  and 
required  to  be  heated  nearly  to  redness  j  and  the  light  given 
out  was  similar  to  that  produced  by  the  combustion  of  liver 
of  sulphur. 

The  water  which  had  acted  upon  a  portion  of  it  was  exa- 
mined;  a  number  of  chocolate-coloured  particles  floated  in 
it.  When  the  solid  matter  was  separated  by  the  filter,  the 
fluid  was  found  to  contain  fluate  of  potash,  and  potash.  The 
solid  residuum  was  heated  in  a  small  glass  retort  in  oxygen 
gas ;  it  burnt  before  it  had  attained  a  red  heat,  and  became 
white.  In  this  process,  oxygen  was  absorbed,  and  acid 
matter  produced.  The  remainder  possessed  the  properties  of 
the  substance  formed  from  fluoric  acid  gas  holding  siliceous 
earth  in  solution,  by  the  action  of  wafer. 

In  experiments  made  upon  the  combustion  of  quantities 
of  potassium  equal  to  from  six  to  eleven  grains,  the  portion 
of  matter  separable  from  the  water  has  amounted  to  a  very 
small  part  of  a  grain  only,  and  operating  upon  so  minute  a 
scale,  I  have  not  been  able  to  gain  fully  decided  evidence, 
that  the  inflammable  part  of  it  is  the  pure  basis  of  the  fluoric 
acid  ;  but  with  respect  to  the  decomposition  of  this  body  by 
Dotassium,  and  the  existence  of  its  basis  at  least  combined 
with  a  smaller  proportion  of  oxygen  in  the  solid  product  ge- 
nerated, and  the  regeneration  of  the  acid  by  the  ignition  of 
this  product  in  oxygen  gas,  it  is  scarcely  possible  to  enter- 
tain a  doubt. 

The  decomposition  of  the  fluoric  acid  by  potassium, 
seems  analogous  to  that  of  the  acids  of  sulphur  and  phos- 
phorus. In  neither  of  these  cases  are  the  pure  bases,  or  even 
the  bases  in  their  common  form  evolved  ;  but  new  com- 
povmds  result,  and  in  one  case  sulphurets,  and  sulphites,  and 
:;Ni  V/  in 
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in   tlie  other  phosphurets,    and   phosphites  cf  potash,  are 
generatct!. 

As  sUex  was  always  obtained  tkiring  the  combustion  of  the 
chocoKue-colouved  substance  obiaiutd  bv  lixiviatum,  it  oc- 
curred to  me  that  tiiis  m.iaer  inighl  be  a  residt  oi  the  ope- 
ration, and  that  llie  chocolate  substance  might  be  a  com- 
pounil  of  the  siliceous  and  fluoric  bases  in  a  low  state  of  oxy- 
genation, with  potash;  and  this  idea  is  favoured  by  some 
trials  that  I  made  to  separate  silex  from  the  mass,  by  boiling 
it  in  concentrated  tluoiic  acid  ;  the  substaiice  did  not  seem 
to  be  much  altered  by  this  j.toccss,  and  still  gave  silex  by 
combustion. 

I  endeavoured  to  decompose  fluoric  acid  gas  in  a  perfectly 
dry  state,  and  u  hich  contained  no  siliceous  earth  ;  and  for 
this  purpose  I  made  a  mixture  of  one  hundred  grains  of  dry 
boracic  acid,  and  two  huudred  grains  of  fluor  spar,  and 
placed  them  in  the  bottom  of  an  iron  tube,  having  a  stop- 
cock and  a  tube  of  safety  attached  to  it. 

The  lube  was  inserted  horizontally  in  a  forge,  and  twenty 
grains  of  potassium,  m  a  proper  iron  trav,  introduced  into 
that  part  of  it  where  the  heat  was  only  suffered  to  rise  tit  dull 
redness.  The  bottom  of  the  tube  was  heated  to  whiteness, 
and  the  acid  acted  upoji  by  the  heated  potassium,  as  it  was 
generated.  After  the  process  was  finished,  the  result  in  the 
tray  was  examined. 

It  was  in  some  parts  black,  and  in  others  of  a  dark  brown. 
It  did  not  ttt'ervcsce  with  water;  and,  when  lixiviated,  afforded 
a  dark  brown  combustible  mass,  which  did  not  conduct 
electricity,  and  whicli,  when  burnt  in  oxygen  gas,  afforded 
boracic  and  fluoric  acid.  It  dissolved  with  violent  eflfcrves- 
cence  in  nitric  acid  ;  but  did  not  inflame  spontaneously  in 
oxvmuriatic  acid  gas. 

I  have  not  as  yet, examined  any  of  the  other  properties  of 
this  substance;  but  I  am  inclined  to  consider  u  as  a  com- 
pound of  the  orive-coioured  oxide  of  boracium,  and  an  oxide 
of  the  fluoric  basis. 

In  examining  the  dry  fluoric  acid  gas,  procured  in  a  pro- 
cess similar  to  that  which  has  been  just  described,  it  uave 
very  evident  marks  of  the  presence  of  boracic  acid. 

As  the  chocolate-coloured  substance  is  permanent  in  wa- 
ter, it  occurred  to  n^e  that  it  might  possibly  be  producible 
from  concentrated  licjuid  fluoric  acid  at  the  necativc  surface 
in  the  Voltaic  circuit. 

I  made-  the  experiment  with  platina  surfaces,  from  a  bat- 
tery of  two  hundred  and  flfty  piaies  of  six  inches,  on  fluoric 
acid  the  densest  that  could  be  obtained  by  the  distillation  oi 
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fluor  ?par  and  concentrated  sulphuric  acid  of  commerce,  in 
vessels  of  lead.  Oxygen  and  hydrogen  were  evolved,  and  a 
dark  brown  matter  separated  at  the  deoxidating  surface  ;  but 
the  result  of  an  operation  coiulucted  for  many  hours,  merely 
enabled  me  to  ascertain  that  it  was  combustible,  and  pro- 
duced acid  matter  in  combustion  ;  but  I  cantiot  venture  to 
draw  the  conclusion  that  this  acid  was  fluoric  acid,  as  it  was 
not  impossible  that  some  sulphureous,  or  sulphuric  acid 
might  likewise  exist  in  the  solution. 

I  heated  the  olive-coloured  inflammable  substance,  ob- 
tained from  the  boracic  acid,  in  common  fluoric  acid  gas  in 
a  plate  glass  retort  ;  the  temperature  was  raised  till  the  glass 
began  to  fuse  ;  but  no  change,  indicating  a  decomposition, 
took  place. 

I  heated  six  grains  of  potassium  f.ith  four  rrrains  of  pow- 
dered fluor  spar  in  a  green  glass  tube  filled  with  hydrogen; 
there  was  a  slight  ignition,  a  minute  quantity  of  hydrogea 
gas  was  evolved,  and  a  dark  gray  mass  was  produced,  which 
acted  upon  water  with  n)uch  efiervesceuce,  but  left  no  solid 
inflammable  residuum-. 

[To  be  continued.] 


XVI.  Suggestion  for  establishing  a  Telegraphic  Intercourse 
letiveen  London  and  DubUn.  By  the  Rev.  Mr.  James 
Hall. 

To  Mr.  Tilloch. 

Sir,  As  it  is  the  duty  of  every  good  subject  to  contribute 
what  lie  can  to  the  service  of  his  country^  I  have  ventured 
to  trouble  you  with  the  following  hints  on  the  subject  of 
telegraphs. 

Previous  to  mv  setting  out  for  Ireland,  (through  the 
greater  part  of  which  I  travelled  lately,)  I  began  to  study  the 
phvsical  geographv  of  that  country.  On  turning  my  atten- 
tion to  this  matter,  and  conversing  with  Dr.  Thomson  of 
Kensington  Gravel  Pits,  and  others,  on  the  subject,  the 
Doctor  drew  my  attention  to  the  circumstance,  that  the  old 
maps  of  Ireland,  particularly  those  of  the  fifteenth  century, 
and  about  the  time  of  the  Spanish  armada,  laid  down  the 
northern  parts  of  that  kingdom  much  nearer  the  Mull  of 
'Cantire,  in  Scotland,  than  the  modern  maps  in  general  do. 
The  question  then  was.  Whether  the  n)aps  of  Ireland  of  the 
fffieenth,  or  those  of  the  present  century,  are  the  more  cor- 
fcct?  On  arriving  at  Torr  Point,  Fair  Head,  the  nearest 
point  of  Ireland  to  Scotland.  I  hired  a  boat  and  sailed  to 
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Cantlre.  But,  instead  of  finding  the  distance  from  20  to 
30  miles,  as  laid  down  in  some  of  our  modern  maps,  I  found 
it  only  eleven  miles  and  a  half. 

Having  ascertained  this  fact,  it  occurred  to  me,  that, 
although  no  telegraphic  communication  can  take  place  he- 
Iween  Dublin  and  Holyhead,  in  Wales,  which  is  63  miles; 
nor  between  Drogheda  in  Ireland,  and  Port  Patrick  iii 
Scotland,  which  is  25  miles  ;  yet  that  information  might  be 
easily  communicated  from  Fair  Head  land,  to  the  Mull  of 
Cantire,  by  a  telegraph.  One  thing  is  certain,  that  it  is 
nearly  as  far  between  the  points  of  communication,  by  tele- 
graph, at  Putney,  and  the  one  next  to  it,  on  the  line  from 
London  to  Portsmouth,  as  between  Torr  Point,  Fair  Head, 
Ireland,  and  the  nearest  point  of  land  in  Scotland  ;  and  that 
at  one  place,  on  the  same  line  of  communication,  the 
nearest  communicating  points,  by  the  telegraph,  are  nearly 
thirteen  miles  distant. 

In  erecting  a  telegraph  southward  from  Dublin  to  Cork, 
and  northward  to  Fair  Head,  there  seems  no  difficulty  at 
all.  At  Fair  Head,  and  the  opposite  point  in  Scotland, 
signals  to  draw  attention  might  be  addressed  both  to  the  eye 
and  the  ear;  those  to  the  ear  being  calculated  to  rouse  at- 
tention, and  induce  people  to  look  out  and  apply  to  their 
glasses.  From  Cantire,  through  the  Isles  of  Arran,  Bute, 
and  other  places,  information  might  be  sent  bv  Glasgow, 
Edinburgh,  &c.  &:c.,  direct  to  London,  and  back  again  to 
Dublin,  Cork,  &c.  &c.,  in  the  course  of  a  few  minutes. 

Speedy  information  to  and  from  our  fleets  in  the  harbour 
of  Cork,  8cc.,  in  Ireland,  as  well  as  to  and  from  those  at 
Portsmouth,  Plymouth,  &c.  &c.,  in  England,  is  certainly 
an  object  of  great  importance;  and,  in  mv  humble  opinion, 
the  only  way  to  have  little  or  no  use  for  soldiers,  sailors, 
ships  of  war,  batteries,  cannons,  telegraphs,  8cc.,  is  to  have 
plenty  of  them  in  readiness. 

I  remain,  sir,  yours  trulv, 

«t.  Martin's  Lane,  JaMKS  HaLL. 

August  15,  1809. 

XVII.  A  concise  Abstract  of  Professor  Mitchill's  Dis- 
courses  on  Mirieralo^y ,  the  sixth  great  Section  of  the 
Course  of  Natural  Hi'itory  which  he  delivers  in  tJw  mev* 
Institution  at  New  York. 

xi^MOST  immediately  on  his  return  home,  after  ihe  ter- 
ioination  of  the  cong,ressioual  session  on  tju:  third  of  March 


126  On  Mineralogy. 

1609,  Dr.  Mitchlll  commenced  his  academical  duties  as 
one  of  tlie  piof-?ssors  of  the  new  institution  at  New  York. 
Although  he  arranged  the  subject  allotted  to  bun  under  the 
heads  lA' gcoloijj/,  pfwfolngij,  pyroloiry.  hydxilogy,  aerolooy^ 
7uineralogi/,  butany,  zoology,  and  uraj/olo^i/,  it  is  not  the 
intention  of  the  writer  of  iJie  pnsent  sketch  to  do  an)'  thing 
more  than  trace  an  outhne  of  his  mincraloiiv,  and  state  the 
new  views  the  professor  has  taken  of  this  department  of 
science. 

He  defined  mineralogy  to  be  the  classification  and  detailed 
history  of  the  materials  which  constitute  the  solid  body  of  the 
earth.  He  explained  the  fourfold  arrangement  fornjCMJy  wiade 
hy Bergman,  and  followed  bv  Cronatedt^  IVerner,  Kitk  an,  and 
Jameson,  distributing  these  great  masses  of  material  into  four 
classes,  ].  Earths,  2.  Me  ials,  3.  Salts,  and  4.  Inflam- 
mables. Herein  the  n)ethod  differed  from  the  one  given  in 
his  Geology,  which,  pursuant  to  the  plan  of  Werner,  had 
divided  these  same  natural  bodies  into  five  sections:  1 .  thepri- 
mceval,  2.  tiansition,  3.  ternary,  4.  alluvial,  and  5.  volcanic 
rocks,  stones,  and  earths.  He  then  gave  the  historv  of  lime, 
clav,  barvtes,  flint,  magnesia,  strontian,  elucidated  by  speci- 
mens ;  with  notices  ot  the  minor  earths.  Next  followed  the 
account  of  platina,  gold,  silver,  mercury,  copi>er,  lead,  iron, 
zinc,  and  the  inferior  metals ;  the  history  of  potass,  soda,  and 
ammoniac;  their  production,  preparation,  and  manufacture, 
^vith  their  chemical  and  oeconomical  uses.  Salts  distributed 
into  orders,  as  1.  alkaline;  2.  acid;  3.  neutral;  4.  middle; 
and  5.  metallic.  Inflanmiable  bodies  considered  :  sulphur, 
coal,  bitumen,  amber,  petroleum,  naphtha^  pyrites,  and 
the  other  analogous  articles. 

On  reviewing  this  whole  class  of  bodies,  professor  Mit- 
chill  declared  himself  dissatisfied  with  the  arrangement  of 
Bergman  and  his  followers.  He  therefore,  with  nmch  hesi- 
tation and  diffidence,  proposed  another  disposition  of  things 
terrestrial  thus  : 

I, — Bodies  possessing  a  strong;  attraction  for  phlogiston 
(or  hydrogen)  and  oxygen. 

These  are,  1 .  The  alkaline  metals,  potass,  soda,  and  am- 
moniac. 2.  The  "  ascertained"  earthy  metals,  magnesia, 
barvtes,  strontian,  and  lime ;  and  the  "  probable"  tarlluj 
metals,  flint,  clay,  zircone,  and  glucine.  3.T\\q.  calcifarm 
metals,  platina,  gold,  silver,  copper,  iron,  mercury,  lead, 
tin,  cobalt,  zinc,  nickel,  chrome,  titanium,  columbium, 
molvbdiena,  arsenic,  manganese,  wolfram,  uranium,  tellu- 
rium, and  the  other  articles  of  this  form,  whatever  they 

were. 
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were.  4.  Gaseous  mtla],  azote.  Tliese,  which  constitute 
the  principal  part  of  terrestrial  beings,  Dr.  Mitchiil  con- 
sidered under  four  memorable  points  of  view.  First,  iii 
connection  with  sulphur,  forming  ore5;  secondly,  with  oxy- 
gen, making  oxides  and  acids;  thirdly,  with  phlogiston,  or 
hydrogen,  constituting  what  are  properly  denominated  7«e- 
tals ;  and  fourthly,  combinations  with  each  other,  com- 
posing glass,  porcelain,  earthenware,  the  other  prodigious 
mass  of  alloys  and  amalgams,  or  metallic  mixtures. 

II. — Bodies  abounding  in  inflammable  and  phlogistic 
matter. 

Under  this  section  are  placed  as  well  the  sulphuric,  phos- 
phoric, and  carbonic,  as  the  hydrogenous  compounds.  Ac- 
cordingly sulphur,  inflammable  air,  coal  of  many  kinds,  all 
the  metals  in  their  reduced,  malleable,  and  ductile  states, 
phosphoric  and  bituminous  materials  of  every  denomination, 
and  generally  those  substances  that  burn  with  flame,  belong 
to  this  section. 

III. — Bodies  abounding:  in  oxygen. 

The  substances  remarkable  for  affording  oxygen  are  the 
phosoxygen  of  the  atmosphere,  acids  of  every  sort,  espe- 
cially those  which  readily  undergo  decomposition,  water, 
and  all  the  metals  in  oxided  and  acid  state. 

He  said,  by  way  of  explanation,  that  the  modern  cele- 
brated experiment  for  decompounding  potash  by  means  of 
iron  in  a  red-hot  gun-barrel,  was  nothing  more  than  a  case 
of  double  elective  attraction.  A  phlogisture  of  iron  and  an 
oxide  of  potassium  were  brought  within  the  sphere  of  each 
other's  action,  in  a  convenient  heat ;  in  which  the  oxvgcn 
quitted  the  potassium  to  unite  with  the  iron,  while  the  phlo- 
giston, which  had  deserted  the  iron,  associated  itself  with 
the  potassium,  and  thereby  a  phlogisture  of  potassium  and 
an  oxide  of  iron  were  formed,  fie  believed  such  action  of 
the  metals  upon  each  other  was  very  common,  and  thought 
the  true  theorv  of  the  operation  of  metallic  plates  in  the 
Galvanic  pile  would  be  ultimately  explicable  upon  this 
principle. 

Professor  Mitchiil  explained,  upon  the  principle  of  this 
classification,  the  great  and  the  sniall  chemical  changes 
which  natural  objects  undergo,  both  in  the  workshops  of  the 
artists  and  in  the  laboratory  of  Nature.  The  constitution 
of  the  numerous  and  extensive  order  of  metals  was  de- 
fined, in  their  state  of  oxide  and  acid,  consisting  of  me- 
tal and  oxygen,  and  in  their  ductile  and  resplendent  forms, 
composed  of  metal  and  phlogiston.     And  some  meials,  he 
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said,  wpre  capable  of  existing  io  an  intermediate  condition, 
having  lost  iheir  phlogiston  without  having  acquired  oxygen, 
such  as  massicot  seemed  ro  he  among  the  preparations  of 
Jead,  tinery. cinder  among  the  productions  of  iron,  and  cer- 
tain of  the  uhite  suhhnia'es  amono;  il\e  modillcations  of 
zinc.  He  illustrated  tins  idea  by  ol)serving  that  carbon  was 
an  example  ot  these  several  combinations;  for  when  united 
with  phlogiston  it  is  inflammable,  or  burns  with  blaze; 
when  associated  with  oxygen  it  is  incombustible ;  and  when 
connected  with  neither  of  ih.ein,  it  would  indeed  consume 
by  a  red  heat,  through  the  connection  it  formed  with  oxy-. 
gen  ;  but,  inasmuch  as  no  phlugiston  is  present,  there  is  no 
appearance  of  flame. 

He  expressed  the  probability  of  the  metallic  nature  of  car- 
bon, phosphorus,  andsidphur;  all  of  which  when  com- 
bined with  metals  might  be  considered  as  alloys,  in  the  same 
manner  that  the  articles  of  th's  first  order  are  when  mixed 
with  each  other.  By  reason  of  the  different  attractions 
which  the  metallic  bases  exert  for  oxvgenand  for  phlogiston, 
at  different  degrees  between  the  highest  and  lowest  tempera- 
tures, they  are  oxided  or  metallized  ;  and  those  processes 
in  the  more  refractory,  are  aided  by  the  chemical  action 
of  the  more  fusible  metals,  and  of  mflammables,  cooperating 
with  the  requisite  heat.  And  as  both  oxygen  and  phlogiston 
exist  plentifully  in  the  fire,  the  metallic  basis,  according  to 
its  constitution,  combines  either  with  one  or  the  other,  and 
thereby  becomes  either  a  p/ilogisture  or  an  oxide  ;  or  it  re- 
mains unconnected  with  either  in  the  middle  state,  in  which 
some  of  the  metals  have  been  observed.  , 

In  the  course  of  his  observations,  professor  Mitchill  n;ave 
an  account  of  the  experiments  made,  in  the  Royal  Institution 
of  London,  on  the  earths  and  alkalies,  and  of  the  dispo- 
sition of  the  injiammalde  agent  to  attach  itself  to  the  nega- 
tive side  of  the  Voltaic  apparatus,  while  the  oxygeiimis  ad- 
hered to  i\\Q.  positive.  And  finallv,  Dr.  Mitchill,  by  an  in- 
dependent and  different  survey  of  this  interesting  subject, 
has  arrived  at  a  conclusion  substantially  ths  same  with  that 
of  professor  Davy. 
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XVI 1 1.  Account  of  the  internal  Exhibition  of  the  Acetate  of 
Lead  in  several  DiteaseSi  Comviwucated  hy  ThomaS" 
Ewell,.  M.D.,  of  IVu^hirigton,  to  Dr.  Miller*. 

-LiAST  August  I  was  requested  to  vis'tt  a  cartman,  John 
Steuis,  addictcci  to  drnnkehne«s,  and  living  near  the  navy 
yiird,  in  an  unhealthy  situation.  Fn  the  niirht  he  had  hcea 
seized  with  fever,  whicliwas  followed  bv  a  profuse  discharge 
oF  blood  Iron)  his  stoniach  and  anus;  his  wife  said  he  had 
lost  more  than  two  gallons  ;  and  I  found  him  with  no  pulse, 
looking  exactly  as  a  man  dyincr,  from  loss  ok  blood. 

His  alarming;  situation  called  forsome  powerful  stimulus; 
but  it  occurred  to  me  that  his  liver  had  been  affected,  which 
preventing  the  passage  of  blood  through  the  vena  portae,  was 
followed  by  that  engorgement  ot  the  viscera,  which  had 
caused  the  rupture  of  the  blood-vissels  of  his  bowels;  and 
consequcnily  that  astunukis  woiil  1  only  serve  to  increase  the 
power  of  the  vessels  to  discharire  the  remginins:  blood.  I 
immediately  determined  to  ^ive  him  the  sugar  of  lead.  Ori 
adverting  to  the  urgency  of  the  case,  as  well  as  the  state  of 
his  stomach,  which  had  been  accustomed  to  the  most  pow- 
erful incjlants,  I  directed  him  to  take  seven  giains  of  the 
medicine  every  two  hours,  until  the  discharge  of  blood 
ceased.  On  swallowing  the  second  dose,  he  exclaimed, 
*^  Great  God,  at  length  mv  guts  are  healed  :"  The  discharoe 
soon  lessened,  and  no  doubt  the  h.aemorrhaoe  stopped;  but  as 
a  little  blood  (which  had  not  been  evacuated  fromthe  bowel?) 
continued  to  come  off,  he  took  thirtv-five  grains  in  less  than 
twelve  hours.  Bv  degrees  I  gave  him  stimuli,  and  nevef 
did  a  man  recover  more  rapidiv  :  and  this  I  considered  as 
affording  a  new  proof  of  the  efficacy  of  free  bleeding  ifi 
curing  fevers  quickly.  However,  the  man  never  could'tret 
over  that  particular  pallid  countenance,  peculiar  to  those 
bled  too  copiouslv. 

Shortly  after  the  cure  of  Steins,  I  was  called  to  Dat'id 
Mead,  a  drummer  of  the  Jiiarine  corps.  He  too  was  a 
drunkard,  was  fat,  and  indolent.  He  had  a  high  fever,  for 
which  he  was  ordered  bleeding,  and  a  dose  of  calomel.  In 
the  night  he  was  taken  with  a  purging  of  blood,  and  I,  with- 
out seeing  him,  directed  injections  of  cold  vC'ater.  In  the 
morning  I  found  him  almost  dead;  and  the  assistant  sur- 
geon, Doctor  Harrison,  pronounced  "  he  was  about  to  die." 
1  ordered  him  to  take  five  grains  of  sugar  of  lead  everv  two 
hours:  the  bleeding  ceased  after  the  third,  yet  he  took  a 
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fourth  dose.  His  pulse  began  to  rise  in  the  evening,  and 
next  day  I  ordered  him  the  bark  :  by  the  use  of  porter  he 
soon  recovered  strength,  though  he  continues  very  pale. 
He  certainly  lost  a  great  deal  of  blood,  but  I  cannot  state 
the  precise  quantity. 

On  mentioning  these  cases  to  the  Hon.  Doctor  Bibb,  of 
the  House  of  Representatives,  from  Georgia — he  stated  that 
with  equal  success  he  had  given  the  sugar  of  lead  to  a  young 
ladv,  who,  during  a  paroxysm  of  fever,  had  an  intestinal 
haEmorrhaij;e.  The  doses,  however,  which  he  prescribed  did 
rot  exceed  two  grains;  and  the  salvation  of  the  life  of  his 
patient  as  certainly  dependeil  on  the  sugar  of  lead,  as  in  the 
cases  I  have  related. 

My  prejudice  respectin.^  the  poisonous  qualities  of  lead 
being  by  these  cases  remo-ed,  I  readily  gave  it  a  trial  in  other 
instances.  In  uterine  hemorrhage  I  found  it  of  essential 
service,  like  all  who  used  it  before  me. 

Mrs.  A.  the  wife  of  the  D M ,  of  the  marine 

corps,  aged  about  forty-five  years,  had  a  const>Mit  discharge 
of  blood  from  her  vagina,  for  four  months  ;  within  a  few 
days  it  became  so  profuse  as  to  endanger  her  life ;  when 
called  to  her,  I  directed  the  exhibition  of  three  grains  of  su- 
gar of  lead  every  two  hours.  The  third  dose  relieved,  and 
since  I  have  heard  of  no  further  complaints.  In  cases  of  diar- 
rhoea, I  have  met  with  the  same  success,  from  the  use  of 
lead,  which  Dr.  Archer  has  stated  in  a  former  number  of 
the  Repository.  But  the  cases  in  which  1  used  it  were 
attended  with  high  inflammation;  and  one  of  my  fellow 
practitioners  told  me,  that  the  medicine  uniformly  failed, 
when  the  system  was  in  a  low  state.  Within  the  last  month 
I  have  used  it  in  the  following  case  : 

John  Russel,  a  boy  aged  thirteen  years,  belonging  to 
lieut.  Harriden,  of  the  navy,  drank  at  once,  one  pint  and 
three  gills  of  strong  apple  brandy.  In  a  short  time  he  had 
no  pulse,  quick  respiration,  and  all  around  him  thought  he 
was  dying.  About  five  hours  after  the  spirit  was  drunk,  I 
was  called  to  him.  Such  was  his  inirritable  state,  that  no- 
thing which  was  introduced  into  his  throat  could  excite 
vomiting.  I  had  to  rely  only  on  external  remedies,  and 
these  I  applied  in  full  force  It  was  only  by  severe  general 
whippings,  rubbing  with  mustard  and  vinegar,  and  finally 
by  blisters  caused  by  the  blaze  of  fire,  that  I  could  excite  any 
action  in  his  system.  In  fifteen  hours  I  had  to  resort  to  in- 
jections of  ether,  brandy,  laudanum,  and  such  stimulants, 
to  keep  him  from  sinking.  These  were  discontinued  by  de- 
•crees,  until  the  end  of  the  third  day.     On  the  fourth  day  he 
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liad  most  excriiciatina:  pain  in  his  abdomen,  and  serous  dis- 
charges trouj  his  bowels — Elis  pulse  became  highly  inflam- 
niatnrv.  Injections,  purges,  and  prepared  chaik  did  not 
relieve.  In  this  situation  1  ordered  him  to  take  two  grains 
of  the  iead  every  two  hours.  Tlie  third  dose  seemed  to  re- 
move euhrely  the  inHamniation  :  so  that  in  two  days  the  l)oy 
had  no  other  complaint  but  his  blisters,  which  soon  healing, 
he  was  discharged  for  duty.  From  this  I  conclude,  that 
the  It  ad  is  worthy  of  a  trial  in  dysentery,  at  lea?l  after  the 
evacuants  are  used. 

When  I  found  the  throat  and  oesophagus  of  Russel  so  in- 
irritable,  I  imsuccessfully  endeavoured  to  procure  a  probang 
and  flexible  tube,  to  iiiiroduce  into  his  stomach.  With  the 
fiist  I  could  have  extracted  some  of  the  b  andy  in  his  sto- 
mach, and  with  the  last  proba'ily  thewiiole:  so  that  the 
dan2;er,  from  that  alcohol,  which  had  not  acted,  would  have 
been-  removed.  In  all  cases  where  poisons,  such  as  spirits, 
opium,  &c.,  are  swallowed,  and  are  followed  by  extreme 
inirriiability  of  the  tliroat,  I  have  no  hesitation  in  saying, 
that  great  relief  might  be  afforded  by  introducing  the  end  of 
some  flexible  tube  into  the  stcmach'.  By  'ms  tube  much 
vapour  would  escape;  the  bodv  could  be  so  placed  as  to  fa- 
vour the  running  off  of  any  fluid,  or,  at  least,  tt  would  be 
practicable  to  evacuate  considerably  by  suction:  by  dilution 
with  water,  and  repented  evacuation -5,  the  stomach  might  be 
entirely  cleansed.  Indeed,  my  reH-ctions  on  this  subject 
have  impressed  me  with  the  belief,  tiiat  the  introduction  of 
such  a  tube  into  the  stomach,  for  die  evacuation  of  poisons, 
and  into  the  rectum,  up  to  the  sigmoid  flexion  of  the  colon, 
for  the  escape  of  that  flatus,  causing  colic,  will  prove  of  as 
much  service  to  mankind  as  the  catheter  has  been  in  the 
discharge  of  urine  from  the  bladder.  At  least  the  practice  I 
propose  in  such  cases  is  far  m(;re  reasonable  than  washing 
the  stomach  f(/r  some  disorders,  by  means  of  an  instrument, 
which,  I  observe,  Heister  says,  was  done  by  the  elder  sur- 
geons. ' 

The  last  cases  which  embarrassed  me,  and  in  which  lad- 
ministered  the  suc:ar  of  lead,  were  those  of  salivation.  In 
the  navv  hospital  under  my  care,  I  find  frequent  occasion 
for  the  use  of  mercury  :  in  many  instances  the  salivation  has 
been  excessive,  and  no  mitigation  of  symptoms  could  be 
effected  by  opium,  sulphur,  blisters,  purgatives,  or  any  me- 
dicine that  has  been  recommended.  I  have  seen  death  arise 
in  one  instance  from  the  salivation,  and  have  apprehended 
it  in  many. 

This  was  leading  me  to  lessen  the  frequency  of  mercury 
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in  my  prescriptions,  until  I  found  a  remetly  in  the  acetate  of 
lead.  Two  cases  occurred  in  the  hospital  at  the  same  time, 
in  which  the  salivation  was  alarming  in  degree  as  well  as 
duration. 

It  had  occurred  to  me  that  the  saccharum  saturni  cured 
hemorrhages  and  inflammations,  bv  exciting  the  action  of 
contrnciion  in  the  vessels.  Now,  as  mercury  produces  a 
contrary  effect,  (for  it  really  enlarges  the  vessels,  as  shown 
by  the  glands  of  the  throat,  &c.)  it  appeared  to  me  that  na- 
ture intended  the  action  of  one  as  much  to  counteract  the 
action  of  the  other  in  animals,  as  she  did  an  acid  to  coun- 
teract an  alkali :  but  be  the  theory  correct  or  not,  I  ad- 
ministered the  kad  in  do^es  of  two  grains,  four  times  a  day. 
On  the  second  day  one  of  the  poor  men  asked  me  for  more 
of  the  medicine  he  took  the  day  before.  I  gave  it  on  the 
second  dav,  and  it  was  discontinued  on  the  third,  for  they 
were  both  cured  of  the  salivation.  To  this,  I  will  add,  that 
they  washed  their  mouths  with  lead-water  ;  and  that  the  first 
time  I  ever  found  a  bad  svmptom  produced  by  the  lead  was 
in  one  of  these  cases.  Violent  belly-ache  came  on  :  this  soon 
went  ofl':  and  although  the  symptom  may  oftener  occur  with 
others  than  it  has  with  me,  I  conceive  it  to  be  no  objection 
to  its  use  ;  for,  but  few  would  prefer  a  month's  salivation  to 
a  pain  in  the  abdomen  for  a  few  hours. 

You  have  now  the  whole  account  of  my  use  of  the  sugar 
of  lead.  I  hope  others  of  your  correspondents  will  expe- 
rience and  communicate  an  account  of  its  virtues.  When 
fair  trials  are  made  of  it,  I  feel  confident  that  there  will  be  no 
singularity  in  the  high  opinion  entertained  of  it  as  an  inter- 
nal medicine. 


XIX.    On  the  Use   of   Fumigations  in   Arm7j   Hospitals  ; 
la  a  Letter  from  M.  Chamseuu,  to  M.  Guyton*. 

IPosen,  August  18,  1807. 
AM  glad  to  observe  that  every  thing  which  concerns  the 
success  of  the  anti-contagious  process,  for  which  we  are  in- 
debted to  you,  excites  your  solicitude,  and  I  have  now  the 
honour  to  con)municate  some  direct  observations  on  this 
subject. 

It  is  sometimes  difficult  to  prevail  on  mankind  to  adopt 
improvements  which  have  for  iheir  object  the  preservation 
jof  their  health.  I  was  more  fortunate  in  this  respect,  how- 
jtver,  ill  our  army  hospitals  in  Poland  than  in  Austria. 

*  From  A'VKilci  dc  Chimie,  tome  Ixiv.  p.  172. 
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T  consider  low  and  remittent  fevers  produced  by  the  mi- 
asmata ot"  an  hospital  as  obstinate  epidemics,  which  with 
slight  attention  may  be  avoided.  They  originate  from 
negliovnce  or  from  the  hospital  being  over-crowded,  evils 
which  a  becoming  firmness  on  the  part  of  the  medical  otficers" 
•will  of  course  prevent. 

During  eight  months  that  I  performed  the  duties  of  the 
great  hospital  at  Fnsen,  containing  400  beds,  andsubject  to 
great  variations  and  changes  with  respect  tn  the  number  of 
the  patients,  no  infection  made  its  appearance  in  any  per-, 
ceptible  manner:  no  person  attached  to  the  service  con- 
tracted it  5  and  several  young  medical  attendants,  who  had' 
been  attacked  with  the  contagion  of  other  establishments, 
were  brought  to  the  above  hospital  for  the  benefit  of  our  su- 
perior salubrity,   and  were  restored  to  health. 

M.  Dcsgenettcs,  the  physician  general  to  the  army,  gave 
me  the  following  instructions:  •' I  request  that  when  the 
hospitals  are  crowded,  or  when  low  fevers  prevail,  you  may 
use  the  fumigations  with  thehyper-oxygenaied  muriaUcacid 
gas,  according  to  M.  Morveau's  process.  This  valuable  pro- 
phylactic has  been  very  improperly  rejected,  and  has  been 
thought  useful  only  when  contagious  diseases  were  com- 
pletely developed.  1  request  you  to  inform  me  if  this  pu- 
rifying remedy  is  put  in  practice." 

In  consequence  of  this  letter  I  constantly  recommended 
these  fumigations  in  the  wards  of  the  hospitals  to  which  I 
was  attached.  The  instructions  for  health,  inserted  in  the  last 
Pharmaceutical  Fornmla,  for  the  use  of  military  hospitals, 
seem  to  make  this  measure  subordinate  tn  tl)e  removal  of 
the  patients  from  the  infected  place,  and  successively  chan- 
ging their  beds  from  room  to  room.  Circumstances,  how- 
ever, may  occur  to  prevent  these  measures  from  being 
adopted,  and  it  is  important  to  simplify  the  operation  as 
much  as  possible.  Without  occasioning,  therefore,  any  re- 
niqval  of  the  patients,  the  hyper-oxygenated  muriatic  acid  ' 
gas  may  be  used  morning  and  evening  without  inconve- 
nience. An  attendant  u-ay  carry  backward  and  forward  an 
earthen  vessel  containing  some  muriate  of  soda  and  manga- 
nese and  cold  sulphuric  acid,  taking  care  to  stir  it  frequently 
w'ilh  a  spatula. 

Nciihcr  the  attendants  nor  p^uients  have  ever  suffered  any 
bad  effects,  in  niy  presence,  from  the  pungency  of  the  fumi- 
gation. Some  windows,  however,  may  be  opened  to  jrive- 
vent  to  the  I'umigalion,  but  if  the  weather  be  cold  this  may 
be. dispensed   with  j  and   the   influence  of  the  fumigation 
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partly  depends  upon  its  being  some  time  confined  within  a 
clost:  placr;. 

tjovvevcr  great  may  be  the  eneriry  of  the  disinfecting  pro- 
cess, i  do  no.  ihink  that  too  much  ought  to  be  expected 
from  it.  ^  serious  accident  happened  a  month  ago  in  an 
hospiial  wli.r<  perfect  sakibiny  had  previously  reigned.  A 
church,  A\hich  iiad  been  converted  into  a  fine  ward  with  60 
bed>  tor  chronic  disea^c'S,  was  infected  with  a  feral  smell, 
which  exhaled  from  the  soil  on  account  of  avast  burying  vault 
Jiaving  been  overflown  by  the  bursting  into  it  of  a  cesspool, 
'The  t^ick  and  wounded  were  instantly  removed:  the  vault 
wa>  cleaned  and  fumigattd  as  well  as  possible,  and  the  fu- 
migations were  repeatedly  made  in  the  church  itself  with 
closed  doors.  In  four  or  five  days  it  was  necessary  to  fill  it 
again  with  patients,  and  the  funiigations  were  continued  for 
a  week  :  no  contagion  was  perceived. 

in  mv  opinion,  the  instructions  in  the  Formula  above 
alluded  to  are  not  sufiiciently  explanatory  with  respect  to  the 
preservative  effect  of  hyper-oxygenated  muriatic  acid  gas.  I 
think  It  has  also  the  property  of  killing  vermin;  and  it  ought 
to  be  applied  to  the  clothes  of  the  sick  soldiers  which  are 
]_aid  up  on  their  coming  into  the  hospital.  Besides  flies, 
which  annoyed  us  much  in  Poland,  we  were  also  dreadfully 
afflicted  with  fleas  and  bugs,  and  on  applying  the  above  fu- 
jnigations  they  were  all  found  dead. 

letter  from  M,  Benoit  Mojon,  Chief  Physician  to  the 
Military  Hospital  at  Genoa,  on  the  same  Sulject, 

Genoa,  August  20.  1807. 

Two  months  ago  a  contagious  dysentery  mule  its  appear- 
ance in  the  military  hospital  at  ''^noa,  and  almost  all  the 
patients  under  my  care,  amounting  to  about  200,  were  at- 
tacked. As  it  is  generally  allowed  that  when  dysentery  is 
tontagious  it  is  owing  to  ::n  indiscriminate  use  of  the  same 
privy,  J  was  a:i.Mous  to  try  it  fumigations  of  oxygenated 
muriatic  acid  had  the  effect  of  destroyintj  the  contagious  ex- 
halations which  produce  dysentery  in  healthy  as  w  ell  as  in 
diseased  subjects.  With  this  view  I  fumigated  the  pri- 
vies in  the  hospital  twice  4  day,  and  succeeded  m  destroyin<y 
this  contag:!.'n  in  a  few  days.  Contagious  dysentery  being 
of  fi  queni  recurrence  in  the  hospitals  of  Genoa,  it  is  likely 
that  I  shall  have  more  frequent  opportunities  of  witnessing 
the  happy  effects  of  similar  precautions^ 
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Note    ly   M.    Guyton,    subjoined  to   the  tivo  preceding 

Communications. 

When  it  occurred  to  me  to  transmit  these  letters  to  tht 
Annates  de  ChnniCf  I  asked  myseinf  there  were  not  abun- 
dance of  observations  ah'eady  published  on  the  efficacv  of 
these  fumigations.  I  hope  to  be  excused,  however,  vvl>en 
I  inform  the  pubHc  that,  in  works  protessedly  intended  tor 
supporting  the  practice,  even  in  the  Bihliotheque  Medicate, 
some  young  physicians  have  inserted  articles  tending  to 
weaken  the  public  confidence  in  these  operations,  and  to 
suspend  their  execution,  notwithstanding  the  instructions  of 
the  councils  of  health  and  the  orders  of  government.  The 
old  routine  of  perfumes  has  been  recommended ;  and  feara 
have  been  started  respecting  the  action  of  the  oxveenated 
muriatic  acid,  by  ascribing  the  same  disinfecting  virtue  to 
fi.xed  substances,  which  act  upon  those  only  in  immeuiHte 
contact. 

Is  it  not  astonishing,  for  instance,  to  see  it  inserted  in  the 
German  Journal  of  Hufeland,  without  any  critical  remark, 
that  the  contagious  miasmata  of  the  plague  and  of  typhus 
are  chiefly  attached  to  metals,  that  they  are  rather  acid  than 
alkaline,  that  lime  and  the  alkalis  are  useful  for  preserving 
from  any  contagion  ?  "  IFithout,  however,  pretending  to 
dispense  with  the  fumigations  of  Guyton  Morveau,  and 
Smith,  equally  efficacious,  as  is  proved  ly  experience ;  but 
more  difficult  in  their  application,  and  more  dangerous  iQ 
respiration." 

The  author  of  this  extract,  in  Nos.  47  and  49  of  the  same 
tnisccllany,  carries  still  further  his  vague  doubts  and  un- 
warrantable conclusions.  He  finds  fumigations  of  sulphuric 
acid  sanctioned  by  Homer,  because  mention  is  made  in  the 
Odyssey  of  the  purification  of  a  house  by  the  combustion  of 
fculphur:  he  calls  by  the  name  of  nitro-sulphuric  fumiga- 
tions, those  made  by  the  powder  of  the  physicians  of  Mos- 
cow, in  which  there  are  only  eight  parts  bv  weight  of  nitre, 
and  six  of  sulphur  to  twenty-six  of  raspings  of  guaiacum, 
with  the  leaves  and  berries  of  juniper  and  myrrh  :  he  sup- 
poses that  we  may  purify  inhabited  rooms  by  burning 
sulphur  in  them  :  he  even  gives  reason  to  think  that  the 
efficaciousness  of  the  powder  of  the  Moscovite  physicians 
was  proved  on  seven  criminals  condemned  to  death,  who  ivere 
infected  with  the  plague  ajid  recovered ;  whereas,  as  I  have 
reported  according  to  Dr.  A.  WolflF,  it  was  only  some  in- 
fected pellises  that  ivere  exposed  to  a  strong  fumigation  of 
iulpkur  and  saltpetre  combined,  and   none  of  the  criminals 
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.oblLfifed  to  put  ihrni  on  look  the  planut ;  and  in  his  Consu 
.cte'raiio'>s  sur  t Histoire  de  la  Pesle  de  IJ'olh'niie,  in  1798, 
Dr.  Hutcland  poinib  out  the  use  oi'  this  powdtT  in  the  disin- 
fecting of  clothes  only*.  U  tiie.  author  of  tht";e  articles 
really  thought  that  men  might  he  with  impunity  exposed  to 
sulphurous  Tuniigaiions,  Why  did  he  not  quote  the  authority 
ot  Propeitius,  wiio  tells  us  thai  in  order  to  purity  hiin  Cyn- 
thia burned  sulphur  thnce  upon  his  head  f?  It  is  neverthe- 
less on  the  subject  (jf  these  same  sulphurous  fumigations 
produced  with  the  nnxture  of  resinous  wooiis,  nitre  and  sul- 
phur, that  he  declares,  "  The  physiciuvs  of  Moicow  may 
fairly  dispute  the  Iwiiour  of  this  discovery  ivilli  Messrs.  Guy- 
ton  Alorvcau,  and  Smith."  Soon  afiecwards  he  informs 
■us  thai  the  use  of  fiunigations  is  lost  in  the  remotest  anti- 
quity, the  Hebrew,  Arab,  and  Latin  writers  rnenlion  it  as 
well  as  the  Greeks. 

Of  what  importance  is  the  name  of  the  inventor,  and  the 
dale  of  his  discoyery,  provided  the  truth  of  it  be  established, 
and  humanity  is  benefited  ?  But  when  we  read  in  the  same 
pa^e,-r-/hai  the  alkalis,  lime,  and,  ihe  other  ahsorhcnt  earths 
huve  also  somtihing  preservative  in  them — that  Hippocrates 
preserved  Greece  from  a  plague  brought  from  Ethiopia,  by 
kindling  fires  in  which  various  aromatic  substances  iiere 
burnt — it  is  certain  that  not  only  frankincense  and  jnyrrh, 
hut  the  other  resinous  gums  also,  and  particularly  camphor, 
the  aromatic  essences,  juniper^  and  an  infinity  of  odoriferous 
vegct ahles'employed  in  perfume,  or  as  vapours,  have  mani- 
fested very  sahihrious  ejfects," — have  we  not  a  right  to  de- 
jnand,  What  respect  is  due  to  the  opinion  of  those  who  are 
not  capable  of  distinguishing  substances  which,  by  their 
spontaneous  ^expansion,  can  attack  deleterious  miasmata  in 
the  air,  from  substances  which  do  not  alieT  what  conies  in 
contact  with  them  :  and  those  which  hum  by  their  chemical 
action,  contagious  viruses  from  those  v\  hich  cannot  disguise 
their  smell  a  single  momiit^  Is  there  not  reason  to  fear, 
that,  determined  by  the  facility  of  procuring  some  odorife- 
rous plants,  they  prefer  perfumes,  the  inefficacy  of  which 
is  now  ascertained  and  publicly  declared  in  every  book  on 
^epidemics  |?     In  this  way  opinions  thrown  out  for  the  sakp 

of 

*  Bib.  Med.  tome  xvi.  p.  405. 

•J-  'rcitlUe  nieum  tctigit  sulphiiris  ig^ne  caput.     Lib.  iv.  Elen;.  viii.  v.  86. 

^  On  tlii;3  head  we  may  consult  the  report  of  the  com' lission  ot  the  Aca- 
3emy  of  Sciences  on  Prisons  in  JTSp;  the  (jpim'oiis  of  Vicq  d'Azyr^  Won- 
ti'::;nv.  &c.,  on  epidemics  and  epizooties ;  the  inttriictions  of  the  Council  of 
]^eaith,  7  Veiitose,  ^n.  ii. ;  the  report  of  the  committee  of  the  Institute,  11 
J^ruciidor  an.  xi. ;  that  pf  the  committee  of  the  School  of  Medicine  of  Montr 
pe|i'er,  sent  to  Andalusia  in  ISOO ;  the  Code  PhanrMcaiUqvc,  for  the  use  of  hos- 
' '  ■  pitals, 
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of  displaying  a  little  erudition  frequently  retard   the  propa- 
gation ot  the  most  iniportant  J'acts. 


XX.  yln  Inquiry  into  the  Terrestrial  Phenomena  produced 
by  ihe  Action  of  the  Ocean.  By  John  Cauh,  Esq,,  of 
Manchester. — No,  il. 

To  Mr,  Tilloch. 

Sir,  -L  he  several  facts  and  reasoning  in  my  two  last  papers 
have  been  chiefly  directed  to  shcAv,  that  the  exieiior  of  cur 
earth  has  been  moulded  into  all  its  inliiilte  variety  of  ine- 
quality by  the  sole  action  of  moving  water;  and  1  am  now 
to  inquire  into  those  internal  characters  which  are  more 
immediately  the  object  ol  geological  research,  and  which 
have  doubtless  been  efiecttci  by  the  saine  plastic  and  potent 
agency. 

The  two  most  inexplicable  phaenomera  in  geoldov^  and 
which,  beyond  all  others,  have  ten.pted  the  inquirer  to  wan- 
der out  of  the  limits  of  natural  operation  into  hvpotheiical 
regions  of  inventit)n  and  surmise,  are  the  various  inclina- 
ijcnis  of  the  strata  from  horizontal  up  to  vertical,  and  the 
.eltviiion  of  the  ocean  up  to  those  astonishing  heights  on  our 
mountains,  which  bear  the -most  ui^equi vocal  testimonv  of 
its  former  action.  To  gel  over  the  latter  and  greater  diffi- 
culty, Dr.  flutton,  whose  extensive  personal  researches  and 
discriminating  powers  merit  the  highest  eulogy,  lias  liohtcd 
up  internal  fires  in  the  lowest  regions  of  the  eaith,  whose 
expansive  forces  have  elevated  our  continents  frcmi  the'lowcst 
beds  of  the  sea  up  to  their  present  iiei^hts.  and,  of  course 
thrown  the  seas  which  covered  them  over  the  existino  con- 
tinents which  had  become  impoverished  a;.d  worn  out,  ai^i 
v\hich  are  to  ujidergo  a  due  season  of  renovated  "picklino-  jn 
the  briny  deep,  when  the  insiinctive  fires  are  to  withdraw 
their  support  from  us,  sliifting  their  buovant  powers  to  the 
submerged  lands  ;  and  these,  kicking  the  beam,  arc  to  deluae 
our  worn-oui  hills  and  vallexs  wiih  the  irrand  restorative 
specilic-dlluie  muriate  of  soda.  A  glance  ai  the  map  will 
sIjOw  how  strangely  capricious  are  the  X)peraiions  of  these 
internal  ignitions,  forcing  up  in  some  cases  coniinenls  ex- 
tending Irom  pole  -to  pole;  and   in  other  instaiiccs,  in  the 

pitals,  by  M.  P.'.rmentier ;  the  circular  letter-;  of  the  miuHtcr  rf  the  interior, 
tu  the  prefects,  fcf  :-J0  Nivose  and  15  Messidor.  an.  siii.  :  the- reports  jnade  Ijy 
^I.  Des^enettes,  iuspector-ger=cral  ol  the  military  lu)spitaL;  of  prolejsor  PiuaJ  • 
the  programniea  oi  ;he  medical  jury  in'idcr  ;hc'si;ptnn?e2:darice  cf  M.  Chaus- 
siyr,  fc<c.  &c. 

midst 
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midst  of  vast  seas,  popping  up  the  bald  point  of  a  peaked 
rock,  with  scarcely  surface  enough  of  hatching  room  for 
one  of  Hjothcr  Carey's  chickens. 

Mr,  Kirvvan,  v.hose  various  chemical  and  inineralogical 
researches  have  added  so  extensively  to  the  acquirement  and 
spread  of  natural  science,  reprobating  th'jse  internal  fices,  as 
chronologically  heathenish  and  pagan,  has  let  in  upon  them 
an  orthodox  ocean,  which  has  chained  off  our  present  seas 
to  fourteen  thousand  feet  below  their  former  depth,  leaving 
countless  myriads  of  bivalved,  univalved,  and  other  marine 
animals,  gaping  in  helpless  anguish  for  their  briny  beverage, 
on  the  summits  of  our  highest  mountains.  Whether  there  is 
more  of  ingenuity  in  providing  or  in  filling  up  such  enormous 
cavernous  excavations  in  the  profound  bosomof  our  consoli- 
dated globe,  I  shall  not  stop  to  inquire. 

To  account  for  the  great  elevation  and  other  anomalous 
irregularities  in  the  strata,  Mr.  Farey,  whose  indefatigable 
personal  researches  have  already  added,  and  are  yet  likely  to 
add,  so  much  to  our  practical  acquisitions,  has  announced 
his  intention  of  employing  an  extinct  erratic  satellite,  whose 
near  approach  to  our  globe  is  to  reverse  the  direction  of  gravity, 
and  excite  by  its  attractive  force  rebellious  movements  in 
the  upper  strata,  heaving  them  up  in  successive  and  doubt- 
ful movements,  whither  to  continue  attached  to  their  parent 
planet,  or,  vielding  to  the  usual  and  dangerous  seductions  of 
novelty,  to  fly  off  to  the  evanescent  stranger.  Nay,  it  should 
even  seem  that  some  of  the  undutiful  progeny  have  ac- 
tually made  this  most  singular  elopement,  and  that  the  de- 
nudatcd  tops  of  our  eminences  exhibit  naked  proofs  of  these 
paternal  derelictions.  As,  however,  the  vertical  strata  an^ 
other  anomalies  which  this  lunation  lever  is  made  to  heave 
up  are  disseminated  in  local  patches  all  over  the  earth,  the 
movements  of  the  heavenly  visitant,  unlike  the  even  and 
equable  progression  of  all  its  aerial  prototypes,  must  have 
been  strangely  vagarious,  and  made  in  every  latitudinary 
direction,  by  occasional  dips  and  irregular  snatches,  like  the 
plunderous  dash  of  a  hungry  hawk  at  a  flight  of  passing 
pigeons. 

It  is  in  itself  farcical  to  apply  any  serious  argument  to 
such  hvpothetical  reveries  as  these ;  and  this  consideration, 
I  trust,  will  apologize  for  departing  altogether  from  the 
decorous  gravity  of  philosophical  disqu-siiiou. 

As  far  as  we  have  yet  made  any  successful  discoveries  in- 
to the  operations  of  Nature,  wc  find  them  all  the  result  of 
permanent  laws,  which,  acting  with  provident  wisdom  and 
rotative,  perpetuity,  give  a  precision,  a  stability,  and  a  du- 
ration, 
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ration,  to  every  natural  system,  wherein  no  human  calcula- 
tion can  trace  out  either  a  beg  niiing  or  an  end.  Chance, 
mischitvous  irreii.ilarily.  or  acc!C:nial  viuknce  of  action, 
have  no  place  in  '.he  ex.'-^'.rioii  ot  the-se  uudeviating  laws; 
th'-'v  are  only  the  blind  appii>  atioiis  of  our  blind  and  partial 
views  of  things. 

The  prolonged  preservation  of  the  ephemeral  s')ecies,  whose 
buzzing  prooenv  commence  and  terminate  their  existence 
on  the  same  da\',  is,  as  tar  as  we  can  san  «ee  and  judge,  as 
effectually  provided  for  and  secured,  as  that  of  the  solar 
system. 

And   shall   we   look   upon   the  stupendous    and   massive 
effects  which  the  exterior  and  interior  survt-y   of  our  globe 
every  where  displavs;  and  search  ior   their  causes  amongst 
temporary  and  extinct  agents  ?     Shall  so  mighty  an   occur- 
rence, in  the  scheme  of  terrestrial  existence,  as  the  stratified 
conformation  and  transition  arrangements  of  the  vast  mate- 
rials of  our  earth,  have  no  permanently  established  laws  for 
their  reuulation  and  governance,   while  the,  fluttering  insect 
of  an   hour  is  provided  with  its  peculiar  rules  of  forniition 
and  perpetual  duration  ?     It    was    the    impressive   convic- 
tion   that    all    geological    phsenon»ena   have   resulted   from 
systematic  and  permanently  operaung  laws,  which  are  now 
in  full  activity,  and  the  reprobation  of  all   fortuitous  hypo- 
thesis in  their  investigation,  that  ti.st  induced   me  to  offer 
my  sentiments  on  a  subject  which  had   previously  occupied 
my  attention  unlv  in  common  with  other  branches  of  natu- 
ral history:  and  1  will  now  proceed  with  the  sketch  of  that 
outline,  which  I  offer  with  the  utmost  ditlidence,  as  a  remote 
approximation  towards  a  theory  of  the  geologv  of  our  earth. 
The  submersion  of  our  present  continents  ior  an  indefinite 
duration,  and   the  formation  of  all   their  strata  by  marine 
action,  are  no  longer  questions  in  modern  science  ;  but  it  is 
yet  an  unascertained,  and  perhaps  the  most  important  of  all 
geolog  cal  queries': — \\  hether  the  present  conformation  of 
me  interior  ot  our  earth  has  been  derived  from  one,  or  from 
many  successive  immersions  of  the  same  country  ?   and  un- 
til a  spccitic  and  decisive  answer  can  be  given  to  this  most 
int'resting  ■nttrroaatory,  the  multifarious  phaenomena  of  ge- 
ological discovery  will  continue  to  be,  as  they  have  hitherto 
been,  the  prey  and  the  ?port  of  ingenious  sophism  and  de- 
Juiive  hvpothesis^ 

There  are,  I  conceive,  several  distinct  circumstances, 
which  vvill  author  se  a  probable  decision  on  this  most  im- 
portant q.iestion  of  singular  or  plural  immersion,  i^ll 
Stratified  rockj  not  evidently  the  produce  of  marine  shells 

in 
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ill  their  native  beds,  has  been  formed  from  the  consolidalioii 
ot*  strata  previously  derived  from  aqueous  deposition.  The 
Vulcan ists  triumphantly  assign  the  consolidation,  and  in 
many  cases  maintain  the  actual  fusion  of  the  strata,  to  in- 
icrnai  fires,  alleging  that  a  mere  iiardeniug  by  evaporation 
of  the  moisture,  m  the  stonv  matter,  would  necessarily  leave 
the  rock  in  a  state  of  porosity,  which  observation  every- 
where contradicts.  The  truth  however  is,  that  the  assump- 
tion of  internal  fires  is  as  superfluous  as  it  is  visionary,  and 
the  desiccation  of  solidifiable  strata,  under  an  incalculable 
pressure  of  the  superincumbent  strata,  aided  by  the  agglu- 
tination of  stony  matter  in  solution,  during  a  period  of  in- 
definite extent,  is  amply  sufficient  to  account  for  the  highly 
indurated  and  dense  state  in  which  we  now  find  all  strati- 
fied rock. 

The  absolute  completion  of  the  solidifying  process  seem^s 
however  to  require  an  emersion  above  the  level  of  the  ocean  ; 
for  it  is  difilcult  to  imagine  how  many  of  the  species  of  rock 
with  which  we  are  acquainted,  could  have  been  both  preci- 
pitated and  consolidated  under  one  and  the  same  immersion, 
if  there  is  any  truth  in  this  observation,  it  would  decide  the 
question  of  more  than  one  submersion  j  for  there  are  nume- 
rous insiaaces  of  rock  wliich  bear  conclusive  evidence  of  the 
attrition  of  marine  action  after  their  induration.  The  rock 
of  Table  Mountain  at  the  Cape  of  Good  Hope  may  be  given 
as  one  of  these  instances.  It  is  repugnant  to  all  rational  be- 
lief, to  admit  that  the  materials  of  that  vast  rock  experienced 
an  aqueous  deposition,  a  subsequent  consolidation,  and  a 
final  destructive  denudation  to  its  present  state,  all  under 
one  and  the  sanie  immersion. 

The  numerous  breaks  and  separations  which  traverse  the 
strata,  designated  faults,  throws,  heaves,  troubles,  and 
other  names  expressive  of  their  effects  in  mining,  are  also,  I 
think,  evidence  of  distinct  immersions.  Their  frequent 
rectilinear  direction,  and  their  worn  and  aliraded  angular  as- 
perities, fully  prove  that  they  were  formed  after  the  consoli- 
dation of  the  strata  in  which  they  occur,  and  also,  I  conceive, 
establish  them  to  have  been  originally  chasms,  gullies,  ra- 
vmes,  valleys,  channels,  and  other' land  excavations,  clefts 
and  fissures,  and  to  have  been  filled  up  in  a  subsequent  im- 
mersion. 

.  Mmera)  veins  in  extensive  fissures  which  traverse  stratified 
rock,  can,  1  imagine,  only  be  referred  to  the  same  origin, 
and  therefore  testify  the  same  result.  The  minerals  have 
assuredly  obtained  their  present  situation  in  an  immersion 
entirely  distinct  from  that  ui  which  the  strata  were  formed. 

The 
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The  monstrous  opinion  that  all  minerals  and  their  beds  have 
beeix  forced  up  from  below,  and  in  their  ascent  have  pro- 
duced the  enormous  dispartations  of  rock  wherein  we  now 
find  them,  is  rapidly  declining ;  and  the  rational  and  far 
more  natural  conclusion,  that  all  minerals  and  their  hetero- 
geneous matrices  have  arrived  at  their  situations  bv  a  de- 
scending process,  is  daily  establishing  itself;  and  it  can  be 
maintained  oil  no  other  reasoning  thSm  that  the  separations 
in  the  strata  were  originally  land  fissures,  clefts,  rocky  val- 
leys, and  other  excavations,  such  as  all  countries  now  more 
or  less  abound  with  ;  and  that  they  were  filled  up  with  di- 
versified materials  in  a  subsequent  inuiiersion.  In  fact, 
numbers  of  these  fissures  bear  palpable  indication  of  a  stra- 
tified form  in  their  contents;  and  those  sparry  and  other  in- 
crustations which  are  so  usually  found  adhering,  in  many 
distinct  layers  over  each  other,  to  ihe  rocky  sides  of  mines, 
and  v.'hich  have  been  deemed  certain  proofs  of  actual  fusion, 
are,  on  the  contrary,  the  most  decisive  evidence  of  an  aque- 
ous process  down  the  perpendicular  side  of  the  rock,  the 
distinct  layers  of  different  materials  concreting  and  passing 
over  each  other  in  regular  succession. 

Perhaps  the  n)ost  irrefragable  proofs  of  the  distinct  im- 
mersions of  the  same  country  are  to  be  found  in  those  sin- 
gular instances,  sufficiently  frequent,  of  the  formation  of 
secondary  horizontal  strata  over  vertical  strata  of  primary 
granite  and  schistus. 

This  rectangular  formation  of  strata  contains  in  itself  a 
physical  inipossibility,  as  to  its  being  the  produce  of  a  sinc^le 
immersion. 

Other  proofs  of  separate  submersions  of  the  same  country 
are  to  be  found  in  the  extensive  beds  of  sand  and  pebbles, 
whose  present  situation  can  only  be  referred  to  former  shores 
of  the  ocean.  All  granular  sand  and  loose  stone  are  de- 
rived from  the  detritus  of  rock,  the  desiccated  strata  of 
former  marine  deposition  ;  and  all  pebbles  have  acquired 
their  smooth  and  rounded  forms  from  the  attrition  of  agi- 
tated water  in  the  streams  of  rivers  or  on  the  shores  of  The 
sea.  Immense  beds  of  such  sand  and  pebbles  are  found  in 
every  varying  situation,  from  the  tops  of  the  hisfhest  moun- 
tains to  the  bottoms  of  the  lowest  valleys,  either  in  loose 
masses,  or  in  vast  formations  of  pudding-stone  and  breccias 
which  are  merely  the  indurated  beds  of  sand  and  intermixed 
pebbles.  Now  if  we  trace  these  numerous  and  extensive 
beds  from  the  first  marine  precipitation  of  the  materials, 
through  the  subsequent  desiccation  of  the  strata,  the  after 

disintegratioa 
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disintegration  of  the  rock,  the  period  of  aqueous  attrition 
and  rounding  of  the  pebbles,  their  subset^uent  consolidation 
into  breccu!,  and  the  after  disintegration  from  puddincf-stone 
again  into  t.md  and  gravel,  as  occurs  in  thousands  of  in- 
stances, it  vvlll,  I  thuik,  coaii)cl  an  acknov>''edgment  that 
this  wonderful  history  of  material  transformation  includes  a 
duration  of  time,  in  which  we  can  perceive  no  commence- 
ment, and  a  distinct  diversity  of  marine  submersions  of  the 
same  country. 

Indeed,  to  pursue  this  most  astonishing  transition  of  mat- 
ter from  one  stale  to  another,  without  even  approximating 
the  limits  of  rational  probability,  it  may  be  truly  asserted, 
that  there  is  not  a  cubic  foot  of  ntaterial  in  any  natural  bed 
within  the  range  of  human  inspection,  that  is  not  strictly 
derivative,  bavins;  obtained  its  present  form  from  its  de- 
structive dissolution  in  a  former  state  ;  and  that  all  our 
present  continents  have  been  constructed  from  the  number- 
less remnants  and  fragments  ot  other  more  ancient  countries, 
evincing  altogether  periods  of  duration,  systems  of  trans- 
ition, and  alternations  of  land  and  ocean.  1'^  which  we  can 
assign  neither  commencement  nor  termination. 

What  has  been  said,  and  much  more  that  might  be  oflTer- 
ed,  aflford,  I  think,  as  much  of  probable  evidence  as  the 
nature  of  the  case  might  be  expected  to  furnish,  that  the 
different  portions  of  our  globe  have  been  subjected  to  an  in- 
definite number  of  marine  immersions,  and  that  it  is  in  the 
infinite  diversity  of  alterative  effects  which  such  alternating 
changes  of  land  and  sea  would  operate  on  local  portions  of 
the  earth,  that  we  are  to  look  for  the  or  ly  natural  illustra- 
tion of  the  principal  phaenomena  of  geology.  Strictly  gui- 
dins:  our  researches  by  the  laws  which  we  now  find  In  action, 
we  shall  discover  in  Nature  neither  infancy  nor  old  age,  and 
the  operations  of  the  past  and  of  the  future  will  be  found  to 
human  scrutiny  equally  illimitable.  Every  waste  will  have 
its  compensation,  and  every  decomposition  its  reconsolida- 
tion,  and  an  endless  succession  of  decay  and  reproduc- 
tion will  be  found  revolving  through  the  whole  in  circular 
perpetuity. 

The  geologist  who  enters  on  his  pursuit  without  these  en- 
larijed  views,  will  be  measuring  the  pyramid  by  the  frag- 
n)ent  of  its  apex.  Every  rock  will  be  an  obstacle,  and  every 
chasm  a  barrier  to  his  progress ;  and  calling  hypothetical  in- 
vention to  his  aid,  he  will  fancy  he  is  advancing,  when,  like 
the  dog  in  the  v^heel,  he  is  only  scrambling  against  a  bank. 

1  have,  Mr.  Editor,  a  great  deal  more  to  say.  on  the  di- 
versified 
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versified  inclinations  of  the  strata,  and  on  the  probable  cause 
which  effects  the  aUernating  changes  of  land  and  sea ;  but 
having  already  trespassed  so  far  on  the  periodical  bounds  of 
your  limited  and  select  publication,  I  shall  decline  troubling 
you  further  with  my  crude  remarks.  Their  object  has  been 
not  to  offer  new  facts,  but  new  views  of  the  subject ;  and 
to  point  out,  however  imperfectly,  the  most  probable  chan- 
nel through  which  we  are  likely  to  arrive  at  any  rational 
theory  of  the  diversified  conformation  of  our  globe. 
I  am,  sir,  your  obedient  humble  servant, 

JoHX  Carr. 

Princess  Street,  Manchester, 
August,  1809, 
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Analysis  of  the  Lalours  of  the  Class  of  Mathematical  arid 
Physical  Sciences  of  the  French  Institute,  for  the  Year  1 807  • 

[Concluded  from  p.  76.] 

JVJ..  BouvARD  has  made  a  most  useful  addition  to  astronomy 
by  his  tables  of  Jupiter  and  Saturn.     It  will  be  recollected 
that  the  inequalities  of  these  two  planets  have  long  per- 
plexed astronomers,  and  would  have  still  continued  to  do  so, 
if  the  analysis  of  M.  La  Place  had  not  discovered  equations 
of  a  long  period,  which,  by  being  confounded  with  the  mean 
motions,  had  apparently  accelerated  the  motion  of  Jupiter, 
and  proportionally  retarded  that  of  Saturn.     Bv  the  help  of 
this  theory,  compared  with  the  best  observations  made  for 
more  than  one  hundred  years,  M.  Delambre  succeeded  in 
reducing  to  half  a  minute,  under  the  most  unfavourable  cir- 
cumstances, the  errors  of  the  tables,  which  formerly  were 
from  15  to  20  times  greater  for  Jupiter,  and  more   than  40 
times  for  Saturn.     The  errors  would   have  been  still  less  if 
modern  observations  were  more  numerous,  and  admitted  of 
our  rejecting  every  thing  that  preceded  1745  ;  but  the  author 
had  disposed  his  work  in  such  a  way  as  to  be  able  to  resume 
it,  either  of  himself,  or  by  means  of  another  asironomer, 
as  soon  as  some  good  observations  were  at  hand.    There  re- 
mained besides  a  trifling  inaccuracy  respecting  the  mass  of 
Saturn,  and  consequently  the  inequalities  of  Jupiter — M.  La 
Place  has  revised  and  perfected  his  theory — M.  Bouvard  has 
been  able  to  acquire  a  clearer  idea  of  the  doubtful  mass  ;— 
and  from  all  these  changes,  partly  owing  to  good    observa- 
tions made  smce  the  printing  of  the  first  tabfes  iu  1789, 

more 
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more  exact  tables  have  been  obtained  for  the  two  planets  j 
so  that  the  greatest  i-rror  does  not  ai  present  exceed  13  de- 
grees, and  it  even  rises  to  this  quantity  en  one  occasion  only, 
partly  owing  no  doubt  to  an  errt^r  in  the  observation.  The 
utility  of"  this  labour  has  been  extended  to  the  ecliptic  tables 
of  the  satellites  oF  Jupiter,  entuely  recomposed  by  M.  Dc- 
lambrc,  and  which  will  soon  be  published. 

ZooLOGV. — Of  all  the  phaenomena  peculiar  to  certain 
animals,  there  are  few  so  singular  and  so  apparently  con- 
trary to  the  law  s  of  animal  oeconomy  as  the  lt;ihargic  sleep 
to  which  several  vivpiarous  quadrupeds  are  subjeoi  during 
winter.  The  leiljargv  of  reptiles  and  of  insects  during  the 
same  season  astonishes  us  much  less,  because  we  are  less 
disposed  to  compare  these  beings  with  ourselves;  and  be- 
cause in  this  state  they  lose  a  smaller  number  of  their  ha- 
bitual properties. 

In  thy  lethargic  mammifer;e,  not  oiilv  does  an  absolute 
state  of  rest  lake  place,  a  com])lete  abstinence  and  an  insen- 
sibility to  such  a  degree  that  we  may  sometimes  burn  or  tear 
them  in  j)ieces  with(Hit  their  perceiving  it,  but  their  respi- 
ration and  circulation  also  graduallv  d  minish,  and  they  lose 
the  greatest  part  of  their  animal  heat,  one  of  the  mosl  marked 
characters  of  their  class :  in  a  word,  their  life  seems  totally 
arrested  ;  all  the  springs  which  retain  or  set  in  motion 
the  elements  of  organisation  seem  to  have  lost  their  activity, 
and  yet  life  still  remains,  nay,  may  be  prolonged  by  that 
lethargy  bevond  its  natural  limits:  neither  death  nor  decom- 
position has  taken  place;  and  unless  the  cold  or  other  acces- 
saries of  the  lethargic  state  has  ceased,  the  animal  awakes 
and  resumes  its  usual  functions. 

When  the  Class  proposed,  in  1799,  that  naturalists  should 
consider  in  detail  the  circumstances  which  produce,  ac- 
company, and  puUan  end  to  the  lethargic  state,  it  was  not 
expected  that  a  complete  solution  of  the  point  would  be  ob- 
tained, but  merely  that  the  attention  of  naturalists,  when 
directed  to  so  great  an  object,  might  throw  some  light  on  it. 

The  most  important  menroirs  on  this  subject  have  ap- 
peared ill  Spailanzaui's  posthumous  Treatise  on  Respiration, 
published  in  1S03,  and  in  1S07  by  his  friend  M.  Sennebier. 
M.  Mangali,  the  pupil  and  successor  of  Spallanzani,  pub- 
lished some  experiments  at  i-*avia,  on  the  same  subject*, 
and  Mr.  Carlisle,  in  the  Philosophical  Transactions  for  1803, 
has  thrown  much  light  on  the  question,  although  we  are 
not  yet  perhaps  able  to  solve  the  question. 

•  See  Philosophical  Magazine,  vol.  xxx.  p.  245. 
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MeBsr?5.  Herholdt  and  Rafn,  of  Copenhagen,  M.  Saissy, 
a  physician  of  Lyons,  and  M.  Prunelle  oi"  Montpelier, 
have  successively  presented  memoirs  ot"  great  merit  to  the 
Institute,  on  the  torpidity  of  animals;  and  we  think  it  right 
to  give  here  a  detnil  of  some  of  the  phcenomena^  wiih  some 
hasty  conjectures  respecting  the  cause. 

Cold  is  the  most  necessary  accessory  to  sleep  ;  but  it  is 
not  the  only  one:  there  must  also  be  an  absence  of  irricating 
causes,  such  as  noise,  food,  &:c.  •Several  of  these  anirBats, 
\vhen  domesticated,  do  not  sleep,  notwithstanding  the  cold. 
An  atmosphere  deficient  in  oxygen  is  also  favourable,  and 
frequently  necessary.  Tins  is  the  reason  that  most  animals 
roll  themselves  np  before  falling  aslc-ep. 

The  decree  of  heat,  although  variable  according  to  the 
kind  of  annual  and  accessary  circumstances,  is  always  a 
little  higher  than  the  freezing  point :  a  too  violent  cold  has 
the  eflect  of  awakening  animals  when  they  are  suddenly  ex- 
posed to  it. 

Quadrupeds  subject  to  lethargic  sleep  have  not  in  general 
their  blood  colder  than  other  animals  in  the  ordinary  state, 
nor  do  they  consume  less  oxygen  in  respiration  :  it  appears, 
however,  that  their  heat  decreases  a  littie  with  that  of  the 
atmosphere,  although  it  alwavs  remains  su.-hciently  high 
while  they  are  awake. 

When  once  asleep,  their  breathing  and  circulation  be- 
come slower  :  the  consumption  of  oxygen  decreases  in  the 
same  proportion;  thev  lose  all  feeling  when  the  lethargv  is 
at  its  height.  Irritability  seems  to  be  the  function  which  is 
best  preserved. 

Tfceir  animal  heat  decreases  in    the  same  interval  to  one 
or  two  degrees  above  o'  (Reaumur),  but  it  does  not  become^ 
lower;  and  if  we  gradually  expose  the  animal  to  a  more  vio- 
lent cold,  and  it  becomes  frozen,  death  ensues. 

Warmth  is  the  most  natural  cause  of  the  av-imal's  awaking: 
there  are  other  causes,  however,  and  cold  is  one  of  them. 
When  the  animal  a.vakes  from  any  given  cause,  respiration 
and  circulation  recommence  with  the  usual  decree  of  h:;at. 
The  profoundness  of  the  sleep  is  ditferent,  accordmg  to  the 
species.  Some  animals  awake  several  times  in  winter:  the 
bear  and  the  badger  are  subject  to  a  slight  sleep  only  :  tiie 
dormouse  allows  itself  to  be  dissected  without  exhibiting  any 
signs  of  pain. 

They  evacuate  their  bowels  before  going  to  sleep  ;  buf  they 
eat  during  the  short  times  in  which  they" are  awake:  they 
transpire  but  very  little.  The  above  are  such  facts  as  have 
been  clearly  ascertained. 

Vfl.  34.'No.  136.  ,4«5M5MS09.  K  With 
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With  respect  to  the  predisposing  causes,  /'.  e,  why  some 
animali  are  subjecl  to  slecj)  in  winter  and  others  not;  and 
with  respect  to  the  preserving  causes,  i.e.  what  renders  them 
susceptible  of  reviving,  notwithstanding  the  suspension  ot 
functions  which  seem  most  necessary  to  life, — nothing  yet 
has  been  advanced  which  oflers  a  satisfactory  solution  of 
these  questions. 

M.  GcoflVoy  has  presented  to  the  Institute  some  frag- 
^ments  of  a  great  work  which  he  has  undertaken  upon  Com- 
parative Osteology.  He  endeavours  to  push  further  than  has 
been  hitherto  done,  the  analogies  between  the  corresponding 
parts  of  various  vertebral  animals, — analogies  which  Aristotle 
had  already  recognised,  and  upon  which  he  founded  his 
works  of  Natural  History. 

M.  Latreille,  already  known  by  his  great  work  upon  In- 
sects in  fourteen  volumes,  published  as  a  supplement  to 
Buflbn,  has  added  to  his  other  labours  a  work  in  Latin, 
under  the  title  of  Gefiera  Insoctorinn  ct  Cnislaceoriim^  three 
volumes  of  which  have  already  appeared,  in  which  he  has 
classed  them  with  method  and  precision. 

M.  Dumeril,  professor  of  anatomy  in  the  School  of  Me- 
dicine, the  editor  of  M.  Cuvier's  Comparative  Anatoiny, 
and  author  of  several  valuable  works,  has  presented  three 
Memoirs  this  vear  to  the  Institute.  In  the  first  he  treats  of 
the  mechanism  of  the  respiration  of  fishes,  which  is  nearly 
the  same  with  that  of  deglutition  in  other  animals,  but  it  is 
efTected  bv  more  complex  organs ;  he  points  out  several  in- 
teresting singularities,  and  among  others,  the  way  in  which 
lampreys,  rays,  and  several  squali  take  in  water ;  their 
mouth  being  fixed  to  the  stones  or  the  sand,  cannot  be  used 
for  this  purpose,  but  it  is  efl'ected  by  means  of  apertures, 
called  vents,  made  in  the  upper  part  of  their  heads,  and  fur- 
nished internally  with  a  valve  which  admits  of  water  entering 
when  the  cavity  of  the  mouth  is  dilated,  but  which  leaves 
no  other  outlet  but  the  gills,  when  this  cavity  is  shut. 

In  his  second  JNlcmoir,  M.  Dumeril  treats  of  the  senses  of 
smelling  and  taste  in  fishes.  He  thinks  their  tongue  is  in- 
sensible to  taste,  on  account  of  the  dryness  and  hardness  of  its 
integuments,  and  the  continual  passage  of  water  over  them 
in  respiration  ;  but  their  pituiiar}'  membrane  not  being  suscep- 
tible of  smell  like  our«,  since  it  is  not  affected  by  elastic  va- 
pours, may  very  probably  be  the  seat  of  the  organ  of  taste,  by 
transmitting  the  impression  of  substances  dissolved  in  water. 

The  third  Memoir  is  a  comparative  view  of  the  various 
vital  and  animal  functions,  in  the  order  of  reptiles  called 
Batradce,  whence  it  results  that  the  division  of  tins  order 
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into  two  families,  proposed  by  M.  Dumeril  in  his  Analytical 
Zoology,  is  justified  by  striking  differences  in  almost  all  the 
organical  systems. 

The  crocodile  genus  has  been  this  year  the  subject  of  se- 
veral Memoirs.  Hitherto  no  correct  ideas  have  been  formed 
even  respecting  the  crocodile  of  the  Nile,  v^hich  has  been 
the  subject  of  so  many  wonderful  stories  ;  far  less  were  the 
destructive  characters  of  the  various  crocodiles  known. 
M.  GeofTroy  Saint  Hilarie  has  rendered  an  essential  service 
to  natural  history  by  bringing  a  crocodile  of  the  Nile  from 
Egypt;  a  circumstance  which  had  the  effect  of  introducino- 
to  the  public  the  Saint  Domingo  crocodile,  an  animal  al- 
most entirely  neglected  by  naturalists.  M.  Descourtils  has 
presented  a  complete  history  of  it ;  being  the  result  of  ob- 
servations made  in  the  West  Indies,  accompanied  by  draw- 
ings. M.  Cuvier,  by  comparing  the  information  thus  com- 
municated with  his  own  previous  knowledge,  has  proved 
that  there  exist,  in  the  warm  countries  of  the  old  and  new 
continent,  at  least  twelve  species  of  these  voracious  reptiles, 
distinct  from  each,  and  easily  recognized  :  he  has  exhibited 
the  bodies  or  skeletons  of  most  of  them,  and  determined 
their  characters. 

The  same  naturalist  has  directed  his  attention  in  an  ana- 
tomical point  of  view  to  some  reptiles  which  truly  merit 
the  appellation  of  amphibious,  because  they  breathe  by  the 
gills  like  fishes,  am!  by  the  lungs  also  like  common  reptiles. 
One  of  these,  the  siren  lacertina,  resembles  a  kind  of  eel, 
with  two  small  fore-feet,  each  bavins:  four  toes  :  its  iieck  is 
adorned  on  each  side  with  three  small  fringes.  This  animal 
is  found  in  the  rivers  oF  Carolina. 

The  other,  iht  proteus  anguimis,  is  still  more  extraor- 
dinary ;  its  colour  is  whitish  ;  its  gills  of  a  bright  red  :  it 
has  four  feet,  those  in  front  have  three  toes,  and  those  be- 
hind only  two.  Tile  eyes  are  entirely  concealed  under  the 
skin,  and  in  fact  are  of  no  use  to  it,  for  it  only  inhabits 
some  subterraneous  waters  in  Carniola,  from  which  it  is 
vomited  forth  in  great  inundations.  It  is  therefore  ex- 
tremely rare  even  in  that  country,  and  has  never  been  found 
any  where  else. 

The  third  was  brought  from  Mexico  by  M.  Humboldt. 
The  inhabitants  use  it  as  food  :  it  resembles  an  aquatic  sala- 
tnander^  and  is  called  proteus  pi^ciformis,  or  axolotl. 

M.  Cuvier's  opinion,  that  the  mammoth  of  Russia,  and 
indeed  of  the  old  continent,  was  a  diflerent  species  from  the 
Indian  elephant,  is   well   known.     This   opinion   has   been 
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fully  confirmed  by  the  discovery  of  an  almost  entire  carcase 
of  the  former  animal  near  the  mouth  of  the  Lena  by  M. 
Adams  of  the  Petersburgh  Academy*. 

Zoology  has  this  year  been  enriched  bv  the  labours  of 
M.  Biot,  the  celebrated  geometrician.  While  occupied  in 
the  Balearic  Islands  in  measuring  an  arc  of  the  meridian,  he 
thought  he  observed  that  fishes,  when  suddenly  drawn  out 
of  the  sea  by  the  line  from  a  great  depth,  expelled  a  part  of 
their  intestines  from  their  moTiihs  :  this  phaenomenon  he 
ascribed  to  the  air-bladder  being  compressed  by  the  great 
column  of  water  which  it  has  to  support,  and  which  dilating 
suddenly  as  the  fish  rises,  tears  a  part  of  the  iniestii:!es,  and 
causes  them  to  rise  into  the  mouth.  M.  Biot  also  examined 
the  nature  of  the  air  contained  in  this  bladder,  and  found 
that  it  varied  from  pure  azote  up  to  T-V\T^h  of  oxygen ; 
but  there  was  no  appearance  of  hydrogen.  He  was  of  opi- 
nion that  the  oxvoen  was  more  abundant  in  proportion  to 
the  depth  from  which  the  fish  came;  and  fresh  water  fish, 
which  frequently  swim  near  tlie  surface,  afforded  very  little 
of  this  gas.  This  last  observation  has  also  been  made  by 
Messrs.  Geoffroy  and  Vauquelin,  and  by  JVI.  Humboldt,  and 
agrees  with  the  opinion  long  ago  advanced  by  M.  Fourcroy, 
in  a  memoir  upon  the  air  in  the  bladder  of  carps,  which  he 
regarded  as  almost  pure  azote. 

iVI.  Jurine,  correspondent  of  the  class  at  Geneva,  has 
published  a  work  on  hvmenopterous  insects,  lie  ilivides  this 
extensive  class  according  to  the  nerves  of  the  wings,  a  cha- 
racter which  has  the  advantage  of  beinn;  extremely  sensible, 
and  is  more  natural  than  might  be  expected  from  the  small 
degree  of  importance  attributed  to  it. 

M.  Jurine  is  busied  with  a  similar  work  on  dipterce,  or 
two-winged  injects. 

Phvsiologv. — M.  Dupuytren  has  presented  the  Institute 
some  experiments  on  an  important  pouit  in  physiology, 
viz. :  ilie  concunence  of' the  nerves  of  tht  l.'ivgs  in  the  act  of 
respiration.  The  attention  of  physiologists  having  been 
long  directed  to  the  chemical  pan  of  this  animal  function, 
they  had  too  much  lost  sight  of  its  vital  part;  and  it  was 
supposed  that,  provided  the  motion  of  the  sides  and  of  the 
diaphragm  brought  the  air  into  the  cellular  part  of  the  lunars, 
the  blood  would  be  changed  from  venous  to  arterial.  It  had, 
notwithstanding,  been  presumed,  that  the  texture  of  the  ar- 
teries, and  consequently  of  the  nerves  thereia  distributed, 
must  still  take  aii  active  part  in  this  operation,  as  well  as  in 

*  See  Philosophical  Magazine,  vol.  x.xix.  p.  141. 
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il  the  other  transformations  of  the  fluids  of  the  animated 
bod}'.  This  has  been  proved  by  M.  Dapuylren,  in  direct 
experiments.  Horses  and  dogs,  in  which  he  had  cut  from 
both  sides  the  nerves  peculiar  to  the  pulmonary  texture,  in 
vain  Hjitated  their  pectoral  muscles  and  inspired  the  air  ; 
their  bFood  constantlv  remained  black,  and  they  died  as  if 
from  asphixia:  and  the  same  nerves,  ahernately  tied  with  a 
thread  and  freed  from  the  ligature,  when  the  texture  had  not 
been  akered,  successively  produced  the  phoenomena  of  arterial 
and  venous  colouring. 

Botany. — M.  Labillardiere  has  finished  his  Flora  of 
Keiii  Holland.  M.  de  Beauvois  has  publisiK-d  anew  edition 
of  that  of  Oware  and  Benin,  and  has  given  the  remainder 
of  his  Memoir  on  the  Alate. 

M.  de  Jussieu  continues  his  examination  of  certain  fami- 
lies, the  structure  of  which  he  analyses  more  exactly,  and 
rectilies  the  disuibution,  combining  his  observations  with 
those  of  Gcertner.  New  divisions  or  unions  of  genera  have 
resulted  from  his  inquiries  j  and  on  this  head  he  has  this 
year  communicated  a  memoir,  in  which  he  separates  from 
the  too  numerous  genus  /wi^icio,  two  genera,  which  he  de- 
nominates dichpttra  and  I'L^citum. 

Both  ditler  hvnn  the  ordinary j«?//V;/7,  from  their  capsule 
being  divided  into  forked  valves  ;  and  ihe  partition  between 
the  Seed- boxes  is  but  imj)erfect.  The  hleckuni  in  particular 
is  distinguisl-.ed  by  four  stamina,  and  by  the  ditlerent  struc- 
ture of  its  partition. 

M.  Happel-La-Che?nav,  of  Guadaloupe,  has  communi- 
cated an  interesting  r)bscrvat!on  upon  the  air-vessels  of  the 
Banana  tree.  These  vessels  are  very  abundant,  and  very  toueh 
in  the  stalk  of  this  vegetable  ;  and  as  the  rest  of  its  texture 
is  very  tender,  they  are  easily  detached.  They  resemble 
carded  cotton,  but  it  does  not  appear  that  cloth  can  be  made 
with  them. 

M»  Dupetit-Thouars  has  continued  to  communicate  his 
inquiries  upon  the  growth  of  vegetables.  He  still  thinks 
that  the  staik  of  trees  finds  in  the  buds  the  principle  of  its 
growth,  and  that  the  fibres,  «)t  which  the  annual  layers  of  wood 
are  composed,  are  in  some  measure  the  roots  of  the  buds, 
while  llie  sniall  medullary  thread  which  joins  each  of  them, 
performs  the  same  lunciions  with  the  cotyledons  in  the  sniall 
plant  v\hith  is  eerminating*. 

To  the  motives  for  this  opinion,  which  he  bad  previouslv 
detailed,,  he  has  added  others  :   he  has  endeavoured  ioansv\er 

*  See  Fh;!osoph"cal  Ma.eazine,  vol.  xi\-iii.  p.  370. 
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objections,  and  has  intermixed  several  important  facts  con- 
nected with  the  physics  oF  vegetables,  ami  of  an  interest  in- 
dependent oF  the  principal  object.  OF  this  number  is  the 
germination  of  the  tree  called  lacy  tins  hy  Linnaeus  :  although 
belonging  to  the  dicoty'edons,  the  evolution  of  its  seed  is 
not  similar  to  any  of  the  three  modes  hitherto  adopted.  Its 
cotyledon  is  internal,  and  serves  as  a  basis  to  the  marrow, 
which,  in  the  opinion  of  M.  Dupetit  Thouars,  is  a  proof  in 
favour  of  his  ideas. 

The  origin  of  carbon  in  plants  is  one  of  the  most  impor- 
tant questions  connected  with  vegetable  oeconomy.  The  class 
a  few  years  ago  made  it  the  subject  of  a  prize  question  with- 
out obtaining  a  satisfactory  answer  :  but  the  excellent  work 
pul)lished  since  by  De  Saussure,  added  to  preceding  labours 
of  M.  Sennebier,  has  begun  to  throw  great  light  on  this  ob- 
scure subject.  The  decomposition  of  the  carbonic  acid  is 
displayed  amid  many  complicated  transformations,  as  the 
chief  and  predominating  act  of  vegetation,  and  as  the  pri- 
mitive source  of  vegetable  carbon. 

M.  de  Crell,  a  celebrated  chemist  residing  at  Helmstadt, 
has  this  year  communicated  to  the  class  some  experiments 
which  afford  a  most  exalted  idea  of  the  power  of  vegetation  j 
he  informs  us  that  he  lias  raised  plants  in  pure  sand,  so  as 
to  bear  fruit:  they  were  watered  with  distilled  water  only, 
and  supplied  with  a  determinate  quantity  of  air,  in  which 
the  carbonic  acid  n:ust  have  been  almost  null,  compared  to 
the  quantity  of  carbon  produced.  Vegetables  mustiherefore 
have,  according  to  M.  Crell,  the  power  of  composing  car- 
bon, employing  for  this  purpose  only  water,  atmospheric 
air,  and  light.  This  would  be  one  of  the  greatest  discoveries 
in  chemistry;  but  unfortunately  this  respectable  chemist  has 
not  taken  the  necessary  precautions  for  demonstrating  his 
assertion  with  the  precision  requisite  on  such  an  important 
occasion:  even  when  he  covered  his  plaiits  with  a  bell-glass, 
it  was  out  of  his  power  to  prevent  the  access  of  the  external 
air  through  the  sand  on  which  the  bell-glass  rested  ;  and  as 
the  external  air  is  continually  in  motion,  it  is  very  difficult  to 
estimate  the  quantity  of  carbonic  acid  which  it  can  furnish. 
Chemistry. — Messrs.  Fourcroy  and  Vauquelin  continue 
with  unabated  ardour  their  Analyses  of  the  Productions  of 
QrgQViised  Bodies,  and  their  remarks  on  the  transformations 
whicli  these  productions  are  capable  of  undergoing :  by  these 
labours  they  have  established  relations  of  the  utmost  impor- 
tance between  chemistry  and  physiology,  and  have  thrown 
a  great  de^l  of  light  on  the  latter. 
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The  juice  of  onions  presented  a  sharp,  vojatile  and  odori- 
ferous oil,  sulphur,  plenty  of  saccharine  matter  and  of  mu- 
cilaffe,  a  vegeto-animal  matter  coagulable  by  heat,  phos- 
phoric and  acetic  acid,''  calcareous  phosphate  and  citrate, 
which  last  had  not  been  previously  discovered  in  vegetables. 
It  is  this  oil  uhich  gives  onions  their  sharp  taste  previous  to 
their  being  dressed,  and  which  irritates  the  eyes  ;  and  it  is 
the  sulphur  they  contain  which  blackens  silver  articles,  and 
contributes  to  the  smell  which  onions  give  out  when  in  a 
state  of  putrefaction. 

The  free  phosphoric  acid  being  capable  of  dissolving  the 
phosphate  of  lime,  would  perhaps  be  useful  as  a  remedy 
against  calculi  of  the  bladder  :  and  this  has  given  rise  to  an 
opinion  that  onion  juice  is  an  excellent  medicine  for  the  stone. 
Calculi  of  uric  acid  and  of  oxalate  of  lime  are  unfortunately, 
however,  unattackable  by  it.  The  acetous  fermentation  of 
onion  juice  develops  a  kind  of  manna,  differing  from  the 
saccharine  matter  from  which  it  is  separated,  in  so  far  as 
the  proportion  of  hydrogen  and  carbon  is  more  considerable. 

The  milt  of  fresh-water  fishes  presented  to  these  in- 
defatigable chemists  an  important  fact,  and  one  entirely  new 
in  the  annals  of  science.  The  above  substance  contains  native 
phosphorus,  which  is  so  intimately  combined  with  it  that  it 
remains  united  to  its  carbon  after  a  total  decomposition, 
forming  a  true  carburet  of  azo^d  phosphorus.  Human 
bones  of  the  eleventh  century,  dug  up  from  the  old  church 
of  St.  Genevieve,  and  analvsed  by  the  same  chemists,  were 
found  dyed  of  a  fine  purple  colour  and  covered  with  an 
efflorescence  of  phosphoric  acid  and  acid  phosphate  of  lime. 
Messrs.  Fourcrov  and  Vauquelin  are  of  opinion,  from  this 
observation,  that  the  exhibition  of  the  phosphoric  acid  might 
rather  be  one  of  the  methods  employed  by  nature  for  de- 
composing the  bones  and  restoring  them  completely  to  the 
earth. 

[The  report  next  details  Mr.  Davy's  discoveries,  which 
have  been  already  submitted  to  our  readers.] 

M.  de  Morveau  has  attempted  to  apply  Galvanism  to  cer- 
tain interesting  and  obscure  phsenomena  in  the  mineral 
kingdom;  and  particularly  to  the  transition  of  a  sulphuret 
to  the  state  of  oxide,  without  any  alteration  of  its  primitive 
form  :  some  subterraneous  production  of  electricity  seemed 
to  him  to  explain  the  facts  ;  and  on  subjecting  some  sulphu- 
rets  to  the  action  of  the  pile,  they  exhibited  the  same  meta- 
morphose. 

We  know  that  of  all  the  phaenomena  of  the  mineral  king- 
dom the  most  perplexing  perhaps  is  that  of  stones  falling 

K  4  from 


152  French  National  Institute, 

from  the  atmosphere;  and  every  ihmg  is  so  new  on  the  sub- 
ject, that  it  outrht  nO|t  to  excite  our  astonishment  that  various 
explnnations  are  still  souq^Iu  after. 

We  aliutlcd  last  year  to  the  remark  of  M.  Vauqnelin,  that 
several  metallic  substances,  verv  similar  to  atmospheric 
stones,  are  evaporated  irom  lofty  furnaces. 

M.  Seouiu  has  endeavoured  to  collect  all  the  analogous 
facts  known  in  chemistry  or  medicine,  such  as  the  delete- 
rious vapoins  of  lead,  incrcurv,  the  phsenomena  of  salts 
diffused  in  air,  vapour,  rain-water,  &c. ;  all  the  metallic  or 
other  substances  which  hvdrogen  gas  can  dis?x»lve  ;  the 
quantity  of  odours,  and  of  mia«.mata,  not  recognisable 
bv  our  eudiometers.  From  all  these  JVl.  Scguln  easily 
proves  that  the  composition  of  the  atmosphere  is  very  h'tle 
known  to  us,  and  that  several  of  its  vapours  being  verv  light 
niav  be  accumulated  in  ihe  upper  resiions;  but  the  difficulty 
of  uniting  a  sufficient  quantity  before  their  falling  dcr-vn,  in 
order  to  form  aerolites  of  the  size  generally  observed,  re- 
mains un^  I'.rcd. 

M.  'i'heodnre  de  Saussure  has  presented  a  verv  interesting 
analysis  of  alcohol  and  sulphuric  ether.  He  operated  by 
combustion,  both  wnh  alcohol  by  itself  and  in  the  state 
,of  vapour:  by  means  of  decomposition  by  simpl'  heat,  he 
determined  the  quantity  of  waXtx  and  of  carbonic  acid  pro- 
duced, as  well  as  the  respective  quantities  of  their  elements 
in  oxvgen,  carbon,  and  water :  finally,  he  has  drawn  a  mean 
result  from  all  his  operations,  and  concluded  the  composi- 
tion of  alcohol  to  be  as  follows  : 

Carbon  -  -         0*4365 

Oxygen        -  -  0-37S5 

Hydrogen     -         -         0-1404 
Azote  -          -         0-035^2 

Cinder  (Cendre)  0-0004 


roooo 


And  that  of  ether : 
Carbon  -  -  0  583 

Hydrogen     -         -         0'f?2]4 
Oxygen        -         -         0*1  c66 


I  -0000 


Finally,  he  shows  that  these  tw^o  analyses  agree  with  the 
quantity  of  ether  furnished  by  a  given  quantity  of  aleoholj 
and  bv  the  analysis  of  what  remains  after  etherification. 

This 
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This  memoir,  more  precious  on  account  of  the  new  che- 
mical methods  which  it  has  suggested  than  by  iis  direct 
Tcsuhs,  also  contains  several  interesting  remarks ;  and 
among  others  this  particular  one,  that  vapours  are  heavier 
in  proportion  as  the  liquids  they  are  produced  from  are 
more  volatile. 

The  theory  of  sulphuric  ether  formerly  given  bv  Fourcory 
and  Vauquelin  is  tiierefore  confirmed  in  this  respect,  that 
the  acid  forms  r.o  part  of  the  composiiion  of  this  liquid. 

But  this  is  not  the  case  with  respect  to  ethers  formed  by 
the  action  of  the  volatile  acids  upon  alcohol :  the  acid  enters 
intf)  the  combination,  either  completely  formed,  or  by  means 
of  it^  elements.  M.  Thenard  had  proved  this  ia'^t  vear,  with 
respect  to  the  ni\ric  cilicr.  He  atterwards  extended  his  in- 
quiries to  the  muriatic  and  acetic  etiiers,  and  showed  that 
acid  is  to  be  met  with  in  them,  either  from  the  effects  of 
time  or  of  combustion,  alihoush  it  is  in  these  cases  so  well 
disguised,  that  neither  the  alkalis  nor  the  other  known  re- 
agents do  separate  it  from  them  at  their  Hrst  formation. 
In  these  cases,  Does  it  exist  in  an  entire  state,  or  decom- 
posed in  its  clemeuis?  Ihis  question  is  of  difficult  solution, 
notwithstanding  its  interesting  nature,  so  far  as  the  muriatic 
acid  is  in  question.  Ai.  Bouiay,  however,  haviuvr  succeeded 
after  an  interval  of  time  \n  absorbing  the  nmriatic  ether  by 
ammonia^  and  having  distinctly  and  separately  extracted  al- 
cohol and  muriate  of  ammonia,  thinks  that  the  acid  and 
the  alcohol  were  simply  combined  together ;  and  he  extends 
this  conclusion  to  the  nitric  and  acetic  ethers. 

M,  i^oulav  has  also  succeeded  in  preparing  phost^horw 
ether,  the  theory  of  which  brings  us  back  to  that  of  the 
sulphuric  ether. 

M.  Vauquelm  continue*  his  important  analysis  of  the 
different  kinds  of  iron,  ;md  his  inq^iiries  into  the  ingredients 
which  occasion  the  bad  qualities  of  some  of  them. 

One  kind  of  iron,  whioh  broke  when  hot  in  the  hands  of 
some  workmen,  whde  in  the  hands  of  others  it  was  passable, 
only  yielded  one  ^ix- hundredth  part  of  ]ihos])horus,  and  a 
four  hundredth  pari  of  chrome.  Aru.ther  kind  of  jron  which 
crumbled  under  the  hammer  at  a  white  heat,  and  which  pre- 
sented a  grain  like  that  of  steel,  without  its  hardness,  con- 
tained one  three-hundredth  part  of  arsenic  and  one  hun- 
dredth part  of  phosphorus. 

M  Vauquelm  is  at  present  occupied  with  inquirino-  by 
what  means  we  may  free  iron  from  principles  of  which 
such  a  sinali  quantity  alters  the  quality  of  the  metal. 

M.  Gay- 
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M.  Gay-Lussac  has  undertaken  a  laborious  investigation, 
vvitii  a  view  oT  appreciating  the  action  of  the  fire  upon  the 
different  siilpkntes  and  sulphnrets,  and  in  order  to  determine 
the  circumstances  in  which  the  sulphuric  acid  is  found  com- 
pleiclij  formed  or  decomposed.  He  found  that  this  decom- 
position is  effected  in  the  metallic  sulphates!,  inuhiehthe 
acid  is  more  tenaciously  retained,  and  that  there  then  pass 
over  sulphurous  acid  and  oxvgcn  ;  but  this  last  phenomenon 
does  not  take  place  where  the  acid  is  feebly  condensed. 

As  to  the  sulphurets,  ,they  always  give  sulphurous  acid,  at 
a  very  high  temperature;  but  at  a  low  temperature  they 
give  more  sulphuric  acid,  as  the  oxide  of  their  metal  has 
more  affinity  for  it.  The  earthy  sidphatcs  and  that  of  am- 
monia alwavs  admit  ot"  their  acid  being  decomposed  ;  but 
'■^Those  of  the  fixed  alkalis  only  do  so  when  their  acid  is  in 
excess.  The  acid  alone  is  very  well  decomposed  by  simple 
heat.  From  these  inquiries  results  the  analysis  of  the  two 
acids  of  sulphur;  100  parts  of  this  combustible  take  50*61 
of  oxviicn  before  being  converted  into  sulphurous  acid,  and 
B5'70  before  becoming  sulphuric  acid. 

We  have  also,  as  one  of  the  above  results,  an  explanation  of 
several  complex  chemical  plisenomena,  and  particularly  those 
which  take  place  at  the  manufacture  of  sulphuric  acid  by  the 
combustion  of  sulphur  in  leaden  chambers.  Sulphur  alone 
would  give  sulphurous  acid  only;  but  the  nitre  which  we 
burn  with,  and  the  atmospheric  air  admitted,  furnish  the  su- 
perabundant oxvcen.  Water  is  a  necessary  intermedium  for 
uniting  the  oxygen  of  the  air  to  sulphurous  acid,  as  M.  Four- 
croy  long  ago  announced. 

M.  de  Morveau  has  made  some  curious  experiments  upon 
the  time  necessary  for  the  inflammation  of  a  given  mass  of 
gunpowder,  and  thie  efliects  which  result  from  it.  Coarse 
powder  inflames  more  speedily  than  fine.  The  ordinary 
workin<i;  of  a  gun  requires  that  the  ball  should  run  freely  in- 
to the  piece,  and  the  space  required  for  this  purpose  greatly 
diminishes  the  strength  of  the  powder.  But  it  is  singular 
that  by  diminishing  this  interval  of  room  in  a  gunpowder 
proof,  and  making  the  ball  tit  very  accurately,  a  still  greater 
loss  takes  place;  probably  becaue  the  explosion,  by  momen- 
tarily compressing  the  globe  in  the  longitudnial  direction, 
dik;t:d  it  in  th.e  transverse  direction;  and  in  this  case  there 
was  too  violent  a  friction  of  bronze  against  bronze.  Expe- 
rience having  shown  that  leaden builets  pressed  into  carbines 
have  not  this  fault,  M.  de  Morveau  tried  bullets  niade  cy- 
limlrica!  behind,  and  furnished  with  a  leaden  ring,  which  he 

found 
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found  rery  advantageous  ;  but  as  it  requires  more  time  to 
load  a  erun  in  this  way,  they  can  onlv  be  employed  in  t]xed 
batteries. 

Count  Rumford  has  communicated  some  curious  experi- 
ments relative  to  the  general  action  of  affinities,  and  which 
prove  that  tv\o  hquids  mav  continue  a  long  time  superposed 
without  being  completely  mixed,  although  predisposed  by 
nature.  A  saturated  solution  of"  sea  salt  was  covered  with 
distilled  water  :  a  drop  of  oil  of  rosemary  heavier  than  fresh, 
and  lighter  than  salt  water,  kept  between  both,  and  served  as 
an  index  for  the  progress  of  the  mixture,  ascending  about 
two  or  three  lines  per  diem. 


XXri.  Intelligence  and  Miscellaneous  Articles. 

MERINO  SHEEP. 

x\.LL  persons  who  possess  ewes  of  pure  Merino  race,  and 
are  desirous  of  increasing  their  stock,  are  requested  to  apply 
to  Sir  Joseph  Banks,  who  has  received  the  king's  commands 
to  distribute  a  considerable  flock,  newly  imported  from 
Spain,  among  such  persons  as  are  most  likely  to  preserve 
them  free  from  all  admixture,  and  to  iniprove  their  form  by 
judiciously  matching  them  in  breeding  ;  giving  a  due  piete 
rence  to  those  who  have  manifested  their  appiol  aiionof  this 
kind  of  stock,  by  having  already  provided  thcn)selvcs  with 
the  breed,  hut  who  have  not  yet  obtained  a  sufficient  in- 
crease to  be  able  to  supply  the  wants  of  "their  neiijhbours 
who  wish  to  improve  their  British  wools  by  the  use  "of  this 
valuable  cross. 

Letters  addressed  to  Sir  Joseph  Banks,  Soho-Square, 
London,  will  be  duly  attended  to.  He  requests  to  be  cor- 
rectly informed  of  the  actual  number  of  pure  Merino  ewes, 
ewe  tegs,  and  ewe  lambs,  each  applicant  is  now  in  posses- 
sion of,  and  of  the  source  from  whence  the  breed  was  ori- 
gin.ally  procured. 

Sir  Joseph  Banks  will  be  thankful  to  gentlemen  who  will 
inform  him  w  hat  was  the  average  weight  of  the  pure  Me- 
rino fleeces  of  the  clips  of  1808  and  ISOg,  and  w!,)at  price 
per  pound  they  were  sold  fftr,  w  iih  the  name  of  the  purr 
chaser.  

Mr.  Wm.  Curtis,  of  the  Botanic  Garden,  Brompton,  has 
lately  teen  rewarded  by  the  Society  of  Arts,  &c.  &c.,  for 
his  valuable  application  of  the  Long  White  Moss  of  the 
Marshes  (the  Sphagnum  pahsire  of  Linnseus)  to  the  pack- 

intj 
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inc;  of  young  fruit-  and  ot!ier  trees  for  exportation.  He  does 
this  l)v  squeezing  out  part  of  the  nioisiure  from  the  moss, 
and  laving  courses  of  it  about  three  inches  thick,  interposed 
with  oilier  courses  of  the  trees,  (previously  shortened  in 
their  branches  and  roots,)  stratum  super  stratum,  until  ihe 
box  is  filled,  when  the  whole  nujst  be  fodden  down,  and 
the  lid  properly  secured.  The  trees  will  need  no  care  even 
duriiig  a  voyage  of  ten  or  twelve  nionths ;  the  nioss  being 
wonderfully  retentive  of  moisture,  and  seeming  to  possess  an 
anti-septic  properly  which  totally  prevents  feraicntaiion  or 
putrefaction  from  taking  place;  and,  in  fact,  vegetation  ac- 
tually proceeds  during  the  time  the  trees  remain  so  inclosed  ; 
shoots  bcins;  ibrnud  both  from  their  branches  and  ri^ots, 
which,  however,  are  blanched  and  tender,  for  want  of  light 
and  air ;  and,  m  consequence,  the  trees,  on  beina:  planted, 
require  to  be  gradually  inured  to  the  open  air.  This  moss 
is  verv  c(nnMU)n  in  mosl  parts  or  Europe  CAid  America, 
which  renders  this  apphcalion  of  it  more  facile,  and  the  dis- 
covery more  imjMiriant. 

The  following  is  an  illuPtraiion  of  a  well  know  fact,  that 
the  general  tendency  of  currents  in  the  ocean  is  from  the 
past  towards  the  West : — 

(cop  v.) 

"  Neptune,  ?t.  John's  Roads,  Antigua, 
,  June  29,  180(». 

ts  SiR^ — As  the  inclosed  letters*,  picked  up  in  a  bottle, 
on  the  windward  part  of  the  islanrl  of  Martinique,  on  the 
18th  of  April  last,  tend  to  elucidate  the  stale  of  the  current 
in  the  Atlantic  Ocean,  1  inclose  ihem  to  you,  with  4  request 
that  vou  will  be  pleaded  to  make  the  circumstance  known  to 
the  lords  commissioners  of  the  adn)iralty. 

'*  The  bottle  appears  to  have  been  thrown  overboard  by 
the  Princess  Eliz^ibeth  packet^  going  to  the  Brazils,  on  the 
6th  of  Septen)ber  180S,  in  lat.  14.45,  and  long.  25,  and  it 
must  have  been  earned  about  20-20  miles  in  2-24  days,  which 
gives  nine  miles  per  dav  on  a  west  course. — I  am,  &c. 

(Signed)  Alex.  Cochrane." 

«W.  W.  Pole." 

Without  being  profoundly  skilled  in  subjects  of  this  na- 
tnre,  we  should  apprehend  that  the  rotatory  motion  of  the 
earth,  from  west  to  east,  will,  where  local  circnn)stances  do 
not  operate,  necessarily  produce  a  bearing  of  the  fluid  ele- 
ment in  a  contrary  direction,  and  occasion  the  general  ten- 
dency of  currents  to  be  from  east  to  west.    To  this  ii  may 

*  Several  leticrs  were  found  in  the  bottle  addressed  to  individuals. 
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he  addeJ,  that  the  water  will  naturally  incline  to  follow  the 
sun  in  hi?  diurnal  motion,  tVoni  the  attractive  force  of  this 
body  acting  upon  a  yielding  substance. 


Tn  a  ^hort  time  will  be  p-ibiished  anew  edition'of  Ni- 
cholson's Principle?  of  Architeciure,  corrected  and  improve^ 
by  tiie  author,  with  the  addition  (;f  ia'O  new  plates  ;  fuxujing 
three  volumes,  octavo,  containing  t?l8  plates,  engraved  by 
Lowrv  and  others. 

LECTURES. 

St.  Thomas  and  Guy's  Boip/fah. 

The  Winter  Courses  of  Lectures  at  the=:e  adjainins;  Hospi- 
tals Vvijl  conimence  as  usual,  the  beginning  <jf  October,  viz. 

yii  Si.  Th'jwus's. — Anaioniv  and  the  Opciations  of  Sur- 
gery, by  Mr.  Cline  and  Mr.  Cooper. — Principles  and  Prac- 
tice of  Surgery,  by  Mr.  Cooptr. 

At  Ginj's. — Practice  of  Medicine,  by  Dr.  Bahin(i;ton  anfi 
Dr.  Curry. — Ctienii-try,  by  Dr.  Babincion,  Dr.  Marcet, 
aiul  Mr.  Allen. — Experimental  Philosnphv,  byMr.  Ailen. — 
Theory  of  Medicine,  and  Materia  Medica,  by  Dr.  Currv 
and  Dr.  Chohneley. — MidA-ifery,  and  D.jca.-es  of  Wonieri 
and  Children,  by  Dr.  Haigliton. — Pb.Nsiology,  or  Laws"  of 
the  Animal  CEconomy,  by  Dr.  Ha!c,iiton. — Structure  and 
Diseases  of  the  Teeth,  by  Mr.  Fox. 

N.  B.  These  several  Lectures  are  so  arranged,  that  no  two 
of  them  interfere  in  the  hours  of  attendance  ;  and  tbe  whole- 
is  calculated  to  form  a  complete  Course  of  Medical  and 
Chirurgical  Instructions.  Terms  and  other  Particulars  niaif 
be  learnt  at  the  respective  Hospitals. 


Dr.  Buxton's  Autumnal  Course  of  Lectures  on  the 
Theory  and  Practice  of  Medicine  will  he  cnnmenced  the 
second  of  October,  at  the  Medical  TheatrC;  London  Hos- 
pital.   

Mr.  Taunton's  Autumnal  Course  of  Lectures  on  Ana- 
tomy, Phvsiology,  Pathology,  and  Surgcrv,  will  commence 
on  Saturday,  October  7,  at  eight  o'clock  in  the  Evenino;, 
and  will  be  continued  everv  Tut-sday,  Tiuirsdav,  and  Satur- 
day, at  the  same  hour.  Particulars  may  be  had  on  applvin^- 
to  Mr.  Taunton,  Greville  Street,  Hatton-Garden. 

METEOROLOGY. 

The  subjoined  Table  and  Remarks  has  been  handed  fo  us  as 
the  result  of  forty  years  observatio.is  'v.adt  hv  Dr.  Hvirschel. 

*•'  The  following  Table,  constructed  upon  a  phiiosophical 
consideration  of  the  attraction  of  the  sun  and  moon  in  their 
several  positions  respecting  the  earih,  ar.d  confirmed  by  the 

experience 
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experience  of  many  years  actual  observation,  will,  without 
trouble,  suggest  to  the  observer  what  kind  of  weather  will 
most  probably  follow  the  moon's  entrance  into  any  of  her 
quarters,  and  tliat  so  near  the  truth,  that  in  very  few  in- 
stances will  it  be  found  to  fail. 


Moon.    I       Time  of  Change. 


,:  o 
o  "^ 
S3 


"At  Noon 

Between  2  c<t  4  P.M. 
4—6    .    . 

6—8     .    . 

8  —  10      . 
(0   &:  Midnight   .    . 
g:'^  Midnight  &  2  A.M. 

2  and  4     .     . 

4  and  6  .  . 

j             6  and    8  .  . 

I              8  and  10  .  . 

l_]0  and  Noon  .  .  . 


In  Sinnmer. 


In  IVinter. 


Very  Rainy  .  .  jSnow  or  Rain. 
Changeable  .  .  [Fair  and  Mild. 
Fair iFair. 

f  Fair  if  Wind  N.  W.  Fair  and  Frosty  if  N.  or  N.  E. 

(  Rainy  if  S.  or  S.  W.jRain  or  Saow  if  S.  or  ii.  W. 


Ditto      .... 

Fair 

Ditto 

j"  Cold  with  frequent 
\      Showers     .     . 

Rain 

Wind  and  Rain  . 
Cliangeable  .  . 
Fre>iuent  Showers  . 


Ditto. 

Fair  and  Frosty. 

Hard  Frost,  unless  Wind  S.  orW. 

>Snow  and  Stormy. 

Ditto. 

Stormv. 

Cold  Rain  if  W.,  'Snow  if  E. 

Cold  with  hisrh  Wind. 


**  Hence  the  nearer  the  time  ot"  the  moon's  change,  full 
and  quarters,  is  to  midnight,  (that  is  within  two  hours  before 
or  after  midnight)  the  more  fair  will  the  weather  for  tliat 
quarter  be  in  summer — but  the  nearer  to  noon  the  less  fair. 

"  Also  the  moon's  full,  change,  and  quarters  happening 
durincr  six  of  the  afternoon  hours,  viz.  from  4  to  10,  may  be 
followed  by  fair  weather,  but  this  is  mostly  dependent  on  the 
wind.  The  same  changes  during  all  the  hours  after  midnight 
except  the  two  first,  are  unfavourable  to  fair  weather — ^I'he 
like  nearly  may  be  observed  in  the  winter." 

Rain  Talle,  by  the  Rev.  J.  Blanchard,  of  Nottingham. 
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Meteorologhal  Talle,  hj  Dr,  Clarke,  of  Nottingham. 
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Thermometer. 


ANNUAL  RESULTS. 

Barometer. 


Wind. 


Highest  Observation,  July  15,  89^SW 
Lowest  Observation,  Jan.  22,  17''SW 
Greatest  Variation  in24Kours, 

Jan.  22,  2:5,      -       -       -     1 0" 
The  Mean,      ...     -     49-88 
VVe.ather.  Days.  Winds.     Times. 
Fair  -  237  -  N.  &  NE.  -  262 
Wet  -  12S  -  £.  &  SE.    -128 

-  S.  &  SW.   -  356 

365  -  W.&NW.-  ?,52 

1098 


WlXD. 


I'Higliest  Observation,  Feb. 25,  30-74N. 

!|LowestObservation,Niiv.  18,  28-72SE. 

|^Greate5tV^ar!atiouin24Hours, 

Ij         Oct.  13,  14,     -     -     -     -       -91 

"The  Mean,       -     -     -     .     .  29-84 

Rain.  Inches. 

-     Greatest  O'.iantity  in  April,     3-g5 
•     Smallest  ditto         in  February  -54 


Total  -  22-56 


RtM  \RKs.— Tlie  town  of  Nottingham  i^  situated  in  latitude  52"^  59'  :i^''  North  aud 
in  l^  7' o'' l.^ngpitude  West  of  Losidoj.  It  rises  with  much  grandeur  from  the  bjuiks 
^f  the -small  river  Leeu,  gradually  iuqreasiug  its  elevation  a*  it  extends  to  the  N.E.  aa 
that  above  oue-half  stands  on  a  considerable  eminence  ;  the  foundation  is  a  soft  sand 
stone  rock,  easily  excavated,  and  forming  excellent  cellju-s.  The  buildings  ai-e  chieflv 
of  brick,  anil  commonly  three  or  four  stories  hig,-h.  The  streets  are.  in  general  nar- 
row. Th)i-neigbbourhood  produces  an  anix)ie  supply  of  coal,  which  is  the  i>nly  fuel  used 
in  the  town.  The  Trent,  a  fine  navigable  river,  flows,  from  A\  est  tp  East,  witliiu  a 
mile  of  the  town;  it  is  subject  to  very  sudden  sweHs,  wliicli  sometjmes  pro.iuce  ixood;! 
that  inundate  the  meadow  ground  betiveeu  the  river  and  tJit;  town,  the  aimosplierH 
must  be,  in  vtme  measure,  iiillueiiced  by  the  evaporation  that  follows,  as  well  as  !<v  the 
ilense  haze  o\  er  the  river  in  summer  eveuinj'-i,  and  the  thiclv  fiigs  of  wimer. 

The  barometer,  theraiometer,  and  pluviami  ter  (or  rain-gauge^,  are  iiKwiustrnmenl- 
madf-  by  Jones,  of  Holborn.  Tbe  thermometer,  on  Fahrenheit's  scale,  is  placed  out- 
fide  a  window,  facing  the  West,  in  the  centre  of  the  town,  but  in  a  situation  ]irolected 
from  currents  of  air.  or  reflected  heat.  The  observations  were  made  duilv,  at  S  \.M. 
2  P.M.  and  11  P.M.  and  from  them  the  avei-ages  are  deduced.  The  barometer  (of  the 
portable  kind)  is  firmly  fixed  to  astaudard  wall  over  a  stair-case,  ou  a  level  of  i.;o  f^et 
above  the  sea.  The  observations  were  taken  daily  at  2  P.M.  and  fjom  these  the  iixepu 
was  obtained.  The  pluviamrter  is  placed  in  a  gai'den,  on  an  eUjv.ition  of  140  {f-et 
abdve  the  U\el  of  the  sea,  where  it  cannot  be  alTected  by  building's,  or  gu'^ts  of  wiud. 
The  observations  are  taken  at  the  end  of  wich  month.  The  ob=crvaticiis  Oii  tin;  Ai-ind 
were  made  at  h  A.M.  "2  P.M.  and  at  dusk,  from  the  vaae  of  a  cUiuch  steeple,  the  must 
tl^vated  part  in  the  town. 
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meteorological  table, 

By  Mr.  Cauev,  of  the  Stkand, 

For  August  I8O9. 
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S-J  E 
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53 
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0 
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XXTlI.  Meteorological  Ohsei-valio?is  on  a  Thunder  Storm  ; 
with  some  Remarks  on  Medical  Electricity.  By  Mr. 
Cornelius  Varlev. 

To  Mr.  Tilloch. 

Sir,  X  TAKE  the  liberty  of  sending  vou  a  description  of  a 
distant  thunder  siorm*,  the  electrical  phsnonienaof  which 
were  so  distinctly  visible  as  to  leave  ni  doubt  on  my  mind 
of  theexclusive  agency  of  one  electric  fiu:d.   (Ste  Plate  VI}. 

Observmof  it  to  lighien  one  evennia  frecjuently  without 
hearing  thunder,  I  went  into  the  fields,  and,  looking  north- 
ward, saw  the  horizon  lined  with  cloud?,  there  bemg  none 
over  head  except  a  few  very  small  ones  proceedmg  in  that 
direction.  1  hese  wtre  upon  a  level  with  the  lower  cloud; 
for  thev  joined  it  afterward — a  circumstance  which  serves  to 
prove  that  a  diminution  was  takinti"  place  in  the  volume  of 
the  atmosphere,  for  otherwise  thev  could  not  have  overtaken, 
the" storm,  being  at  first  too  far  oil  to  be  afi'ected  by  any 
electrical  attraction.  At  the  commencement  of  the  storm  it 
lightened  in  various  parts  of  the  clouds,  but  more  frequently 
in  one  place.  Soon  after  this  the  clouds  seemed  united  in 
one,  and  the  place  of  the  lightnmg  became  stationary, 
(where  in  the  drawing  the  light  cloud  is  placed)  and  here 
commenced  the  effect  which  seemed  distinctly  to  show  in 
what  manner  the  electric  fluid  is  conducted  from  the  upper 
regions  to  the  earth. 

At  first  a  small  round  cloud  (about  an  eighth  part  of  that 
represented)  appeared  behind  the  long  dark  cloud,  and  partly 
seen  above  it.  In  this  'cloud  it  freqnentlv  lightened  ;  and 
just  aher  the  light  was  extinguished,  the  electric  sparks 
struck  to  the  earth  from  the  under  surface  of  the  loni^  black 
cloud.  This  double  transmission  was  many  tunes  repeated, 
till  at  length  the  lower  cloud  ceased  to  give  sparks  to  the 
earthat  the  spot  immediately  under  the  higher  cloud,  though 
it  was  still  frequently  receiving  them  from  it.  I  then  found, 
by  casting  my  eye  along  the  lower  cloudy  that  every  charge 
from  the  upper  one  travelled  about  four  miles  vestward 
along  the  lower  cloud,  and  then  darted  to  the  earth.  I 
knew  it  travelled  in  this  manner  by  frequ-enily  seeing  it  jump 
.over  one  and  sometmnes  over  two  chasms  in  the  lower  cloud 
in  its  passage  to  the  western  end.  The  time  it  took  to  travel 
the  length  above  mentioned,  was  while  I  could  count  20  or 
30 — but  twice  I  counted  60  before  ;t  struck  the  earth. 

*  This  is  commonly  called  summer  lightning',  i.  e.  there  is  fine  weather 
over  head,  anu  the  iightuing  is  so  tur  off  that  the  thunder  caunot  be  heard. 
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During  the  time  of  these  nliservaiions,  the  hiffhcr  cloud, 
whicli  supplied  so  much  electricity,  was  not  diminished  in 
the  least.  On  the  contrary,  it  continued  to  enlarge  in  its 
dimensions,  and  chiefly  towards  the  wind,  as  may  be  seen 
by  its  overhanging  in  the  sketch. 

Now  the  quantity  of  electricity  supplied  bv  this  cloud 
continually  during  an  hour,  was  probably  50  times  as  much 
as  it  could  possibly  contam.  The  question  then  is :  Where 
did  it  come  from  ?  The  increasing  of  the  cloud  furnishes 
an  answer  to  this  question;  font  could  not  increase  without 
the  addition  of  vapour,  and  that  addition  could  come  only 
from  the  atmosphere.  This  was  proved  by  the  manncr^and 
place  of  increase,  which  was  at  the  top,  and  at  the  most 
pron)inpnt  parts  facing  the  wind.  That  vapour,  being  trans- 
parent, had  the  highest  charge  of  electricity.  The  upper 
cloud  (liiough  positive  to  the  under)  was  minus  to  that  ya- 
pour,  and  silently  attracting  from  it  the  superabundant  elec- 
tricity, which  it  gave  olf  visibly  to  the  under  cloud,  which 
was  still  less  charged,  and  which  was  kept  so  by  the  earth 
(which  may  be  considered  as  quite  negative)  immediately 
drawine;  away  that  charge  in  sparks. 

Now  it  is  evident  by  this  progress  of  the  electric  fluid  to 
the  earth,  that  the  electrified  vapour  must  have  been  con- 
densed to  the  smaller  compass  of  the  cloud,  and  have  been 
deposited  on  its  surface,  occasioning  that  very  great  increase 
of  cloud.  This  seems  to  show  that  a  storm  of  lightning 
will  always  occasion  a  current  of  wind  from  the  external  re- 
gions towards  itself;  and  hence  a  dead  calm  preceding  a 
storm,  and  the  fail  of  the  barometer,  as  this  is  the  focus  of 
condensation. 

I  have  since  repeatedly,  in  stormy  weather,  seen  clouds, 
under  this  effect  of  increase,  sometimes  increasing  at  one 
end,  and  diminishing  at  the  other  by  slow  rain,  when  near 
a  mountain  ;  but  I  have  seldom  seen  the  theoretic  form  (if 
I  may  be  alloucd  the  expression)  so  evident  (except  among 
mountains,  where  it  is  unlimited,  but  the  lightning  rarely 
seen,)  as  in  the  case  I  have  stated  :  nor  can  this  conforma- 
tion ever  be  seen  but  when  the  barometer  is  low  or  falling. 

The  lower  cloud  was  three  or  four  times  as  long,  in  pro- 
portion, as  it  is  represented  in  the  drawing,  in  which  it  is 
necessarily  shortened  for  the  convenience  of  exhibiting  both 
of  its  ends. 

Before  concluding,  I  beg  leave  to  add  a  few  thoughts  on 
the  medical  action  of  electricity. 

First,  I  think  that  electricity  entering  the  body  by  a  good 
conductor  in  contact,  and  going  out  by  another  in  contact, 

produces 
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produces  the  smallest  efFeci  of  all,  and  does  but  little  good 
or  harm. 

Sccondlv,  If  it  enters  the  body  bv  a  conductor  in  contact, 
and  has  to  escape  in  the  manner  of  perspiration,  a  strong 
effect  is  productd  ;  and  this  may  be  confined  to  one  place, 
and  of  course  be  rendered  more  powerful  by  the  attracting 
points. 

Thirdly,  An  effect  equally  strong,  bat  quite  the  reverse 
of  the  last,  will  be  produced  by  placing  the  patient  insulated 
m  contact  with  the  ncoative  conductor,  and  in  a  damp  at- 
mosphere*. Bv  this  mode  of  operatinij;  the  cfiect  takes 
place  all  over  his  bodv  ;  but  if,  instead  of  this,  you  bring  a 
wet  sponge,  connected  with  the  earth,  near  the  part  afftrcled, 
it  will  be  confined  to  that  place. 

In  the  former  case  the  electricity  acts  by  increasing  the 
natural  perspirations,  but  in  the  latter,  by  sirongly  checking 
it,  or  occasioning  an  absorption  of  moisture. 

I  think  the  failures  in  medical  electricitv  have  been  where 
this  last  application  was  wanted  ;  for  electricity  alone,  ap- 
plied in  any  wav,  has  a  tendency' to  dissipate  moisture  J 
which  effect  the  last  method  enables  you  to  reverse. 

Paddingttn,  Aug.  3,  iS09. 


XX rV.  ^n  Account  of  a  Method  of  dividirtg  astmnomicnl 
and  other  Instruments^  by  ocular  Inspection;  in  which 
the  iisual  Tools  for  Qraduatimr  are  not  employed ;  the 
whole  Operation  being  so  contrived,  that  no  Error  can  oc- 
cur but  what  is  chargeable  to  Vinon,  ivhen  assisted  by  the 
best  optical  AJeans  of  viewiiig^  and  measuring  minute 
Quantities.     By  Mr.  Edvvaiuj  Troughton. 

[Concluded  from  p.  9J.J 

xIespectikg  the  angular  value  of  the  numbers  In  these 
tables,  it  mav  be  worth  mentioning,- that  it  is  not  of  the 
least  ittiporiance ;  100  of  them  bemo  coniprised  m  one  re- 
volution of  tilt  micrometer  screw  ;  -and,  m  ihe  instance 
before  me,  5'Q  ot  theni  n)ade  no  mf^re  than  a  "^econd.  It 
is  not  pretended  that  one  o'  these  parts  was  seen  beyond  a 
doubt,  being  scarcely  yoi-g-oth  oi  an  inch,  much  less  the 
tenths,  as  exhibited  in  the  table.-. ;  but,  as  they  were  visible 
upon  the  micrometer  heads^  it  was  judged  best  to  take  them 
into  the  account. 

*  A  damp  atmoiphere  is  easilv  produced  l>'.'  u--inp:  a  pan  of  boiling  water ; 
but  ill  this  case  the  machine,  th;i*  it  may  be  kept  dry,  snould  be  in  arwther 
room,  and  the  conductor  shou.i  pass,  insulated,  through  the  wall  to  the 
pa  :eut. 

L  2  Having; 
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Having  now  completed  the  two  first  sections  of  m}'  me-, 
thod  of  dividing  ;  namely,  the  first,  which  consists  of 
makini!:  256  small  round  dots;  and  the  second,  in  finding 
the  errors  of  those  dots,  and  forminu:  them  intoatahle; — I 
come  now  to  the  third  and  last  pari,  which  consists  in 
using  the  erroneous  dots  in  comparison  with  the  tal)ulated 
errors,  so  as  ultimately  to  make  from  them  the  true  di- 
visions. 

It  will  here  be  necessary  to  complete  the  description  of 
the  remaining  part  of  the  apparatus.     And  first,  a  little  in- 
strument which  I  denominate  a  subdividing  sector  presents 
itself  to  notice.     From   all   that   has  hitherto  been  said,  it 
must  have  been  supposed  that  the  roller  itself  will  point  out, 
upon  the  limb  of  the  instrument  to  be  divided,  spaces  cor- 
responding to  others  previously  divided  upon  itself,   as  was 
done  in  setting  off  the  236  points  :  but,  to  obviate  the  difE- 
culty  of  dividing  the   roller  with   sufficient   exactness,  re- 
course was  had  to  this  sector;  which  also  serves  the  equally 
important  purpose  of  reducing  the  bisectional  points  to  the 
visual  division  of  the  circle.     This   sector  is   represented  in 
lialf  dimensions  by  Fig.  b:  it  is  forn)ed  of  thin  brass,  and 
centred  upon  the  axis  at  A,  in  contact  with  the  upper  sur- 
face of  the  roller:  it  is  capable  of  being  moved  round  bv 
hand ;  but,  by  its  friction  upon  the  axis   and   its  pressure 
upon  the  roller,  it  is  sufficiently  prevented  from  being  dis- 
turbed by  accident.     An  internal  frame  BB,  to  which  the 
arc  CC  is  attached,  moves  freely  in  the  outer  one,  and  by 
a  spring  D  is  pushed  outwards,  while  the   screw  E,  whose 
point   touches  the  frame  B,  confines  the  arc  to  its  proper 
radius.  The  arc  of  this  sector  is  of  about  four  times  greater 
radius  than  the  roller,  and  upon  it  are  divided  the  spaces 
which  must  be  transferred  to  the  instrument,  as  represented 
on  a  inagnified  scale  by  Fig.  4.     Now,  the  angle  of  one 
of  the  spaces  of  the  circle  will  be  measured  by  sixteen  times 
its  angular  value   upon  the  sectorial  arc,  or  5i'°  30' ;  but 
this  does  not  represent  any  number  of  equal  parts  upon  the 
instrument,    whose  subdivisions   are    to   be   5'  each  ;    for 

1°  24'  22'  5 

— is  exactly  l6-§-lhs,  therefore  so  many  divisions  are 

O 

exactly  equal  to  a  m.can  space  between  the  dots  whose  er- 
rors have  been  tabulated.  Let,  therefore,  the  arc  of  the 
sector  be  divided  into  IG  spaces  of  1°  eo'  each,  and  let  a 
similar  space  at  each  end  be  subdivided  into  eight  parts  of 
,10'  each,  as  in  Fig.  4;  we  shall  then  have  a  scale  which 
furnishes  the  means  for  making  the  true  divisions,  and  ail 
immediate  examination  at  every  bisectional.  point. 

I  have 
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'  I  have  always  divided  the  sector  from  the  engine,  because 
that  is  the  readiest  method,  and  inferior  to  none  in  point  of 
accuracy,  where  the  radius  is  very  short ;  but,  as  it  is  more 
liable  tlian  any  other  to  centrical  error,  the  adjustment  of 
the  arc  by  the  screw  E  becomes  necessary :  by  that  adjust- 
ment, also,  any  undue  run  in  the  action  of  the  rolier  may 
be  reduced  to  aa  insensible  quantity*. 

When  the  utmost  degree  of  accuracy  is  required,  I  give 
the  preference  to  dividing  by  hues,  because  they  are  made 
with  a  less  forcible  effort  than  dots  are  ;  and  also  because, 
if  any  small  defect  in  the  contexture  of  the  metal  causes  the 
cutter  to  deviate,  it  vvill,  after  passing  the  defective  part, 
proceed  a^ain  in  its  proper  course,  and  a  partial  crooked- 
ness in  the  line  will  be  the  only  consequence  ;  whereas  a 
dot,  under  similar  circumstances,  would  be  altogether  dis- 
placed. But,  on  the  other  hand,  where  accuracy  has  been 
out  of  the  question,  and  only  neatness  required,  I  have  used 
dots;  and  I  have  done  so,  because  I  know  that  when  a  dot 
and  the  wire  which  is  to  bisect  it  are  in  due  proportion  to 
each  other,  (the  wire  covering  about  two-thirds  of  the  dot,) 
the  nicest  comparison  possible  may  be  obtained.  It  may 
be  further  observed,  that  division  by  lines  is  complete  in 
itself;  whereas  that  by  dots  requires  lines  to  distinguish 
their  value. 

On  the  upper  side  of  Fig.  1.  is  represented  the  apparatus 
for  cutting  the  divisions.  1 1  consists  of  three  pieces  J  K  L, 
jointed  together  so  as  to  give  to  the  cutter  an  easy  motion 
for  drawing  lines  directly  radiating  from  the  centre,  but  in- 
flexible with  respect  to  lateral  prcbsure  ;  dd  are  its  handles. 
The  cutting  point  is  hidden  below  the  microscope  H  ;  it  is 
of  a  conical  form,  and  were  it  used  as  a  dotting  point,  it 
would  make  a  puncture  of  an  elliptical  shape,  whose  longer 
diameter  would  point  towards  the  centre.  This  beautiful 
contrivance,  now  well  known,  we  owe  to  the  ingenuity  of 
the  late  Mr.  HindSey  of  York  ;  it  was  borrowed  by  Mr. 
Ramsdenfj  and  applied  with  the  best  effect  to  his  dividing 
engine. 

It  might  have  been  mentioned  sooner,  that  in  the  instance 
which  I  have  selected  as  an  example  of  my  dividing,  the 
operation  took  place  when  the  season  of  the  year,  and  the 
smoke  of  London,  had  reduced  the  day  to  scarcely  six  hours 
of  effective  light ;    and  rather   than   contine   my   labours 

*  See  note  page  166. 

\  This  I  learned  from  that  most  accurate  artist  Mr.  John  StancIifTe,  who 
»vas  himself  apprentice  to  Hindley. 

L  3  41'ilhill 
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within  such  raiiow  ]in)its,  J  deicrniintd  to  shut  out  the 
ciav-light  altogether.  Fig.  7-  sliows  the  construciion  of  the 
lanterns  which  1  u?ecl.  A  very  sniall  wick  ^^^lvc  sufficient 
light,  when  kept  from  diverLTinir  bv  a  convex  lens  ;  while 
the  incHning  nossel  w  as  directed  down  exactly  upon  the  part 
looked  .at,  and  the  light,  having  also  passed  through  a  thin 
slice  ofivory,  was  divested  of  all  glare.  I  enter  into  this 
description,  because,  I  think,  I  neversawniy  work  better, 
nor  entirely  lo  so  much  advantage  as  in  liiis  instance; 
ouiuii,  perhaps,  to  the  surrounding  darkness  allowing  the 
pupil  oi  the  eve  to  keep  itself  more  expanded,  than  when 
indirect  rays  arc  suHercd  to  enter  it.  The  heat  from  a  pair 
of  these  Linterns  was  very  inconsiderable,  and  chiefly  con- 
ducted along  with  the'smbke  up  the  reclining  chimney. 

Previous  to  cutiin2f  the  divisions,  the  parts  now  described 
must  be  adjusted.  The  cutting  apparatus  must  be  placed 
V/ith  the  dividnig  point  exactly  at  the  place  where  the  first 
line  is  intended  to  be  drawn,  and  clamped,  so  that  the  ad- 
justing screu'  may  be  able  to  run  it  through  a  whole  inter- 
val. The  microscope  H  must  be  firndv  lixed  by  its  two 
pillars  bb  lo  the  main  Iranie,  with  its  micrometer  head  at 
zero ;  and  with  its  only  wire  in  the  line  of  the  radius,  bi- 
secting the  first  of  the  236 dots.  And  it  should  be  observed, 
thai  the  cutting  frame  and  this  must  not  vary  respecting 
each  other,  duriuii  the  time  that  the  divisions  are  cut  ;  for 
any  motion  that  took  place  in  either  would  go  unduninished 
to  the  account  of  error.  The  microscope  1  is  also  fastened 
to  the  n^ain  frame;  but  it  is  only  required  to  keep  its  posi- 
tion unvaried,  while  the  divisions  of  the  sector  pass  once 
under  its  notice;  for  it  must  have  its  wire  adjusted  atresh 
to  these  divisions  at  every  distinct  course.  7"he  mtcroscope 
I  has  two  wires,  crossing  each  other  at  an  angle  of  about 
40";  and  these  are  to  be  placed  so  as  to  make  equal  angles 
with  the  divisions  of  the  sector,  which  are  not  dots,  but 
lines.  The  sectorial  arc  must  also  be  adjusted  to  its  proper 
radius  by  the  screw  E,  Fig.  5 ;  i.  e.  while  the  main  frame 
has  been  carried  alonjr  the  circle  throujih  a  mean  interval 
shown  by  H,  the  sector  must  have  m^ived  through  exactly 
l6|-ths  of  its  divisionSj  as  indicated  by  I  *". 

Things 

*  For  the  sake  of  simplicity,  the  p.ccount  of  the  process  is  carried  on  as  if 
the  roller  measured  the  mean  interval  without  error:  But  it  was  said 
(pHge  84)  that  the  roller,  in  a  continued  motion  quite  roimd  ttie  circle,  would 
in  some  part  of  its  course  err  by  30"  or  more;  therefore,  when  that  is  the 
case,  an  extreme  run  of  the  roller  caunot  agree  with  a  mean  interval  of  the 

SO" 
circle  nearerthan  7-—  =  0'*23;  and  most  probably  this  kir.d  of  error  will 

on 
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Things  being  in  this  position  ;  after  having  given  the 
parts  time  to  settle,  and  hviving  also  S'.ifficitntly  prv)ved  the 
periiianence  ot  the  niicroineter  H  and  the  cutting  frame 
with  respect  \o  each  other,  the  first  division  may  be  made  ; 
then,  by  means  of  tlie  screw  fur  slow  motion,  carry  the 
apparatus  forward,  until  the  next  line  upon  the  sector  comes 
lo  the  cross  wires  of  I  ;  you  then  cut  another  division,  and 
thus  proceed  until  the  l6th  division  is  cut,  —  1°  20^:  Now 
the  apparatus  wants  to  be  carried  further,  to  the  amount  of 
■|-lhs  of  a  division,  before  an  interval  is  complete;  but  at 
this  last  point  no  division  is  to  be  made;  ue  are  here  ojily 
to  compare  the  division  on  the  sector  with  tl>e  correspond- 
ing dot  upon  the  instrument.  1  his  interval,  however, 
upon  the  circle  will  not  be  exactly  measured  by  the  corre- 
sponding Ime  of  the  sector,  which  has  been  adjusted  to  the 
mean  interval,  for  the  situation  of  ine  dot  r'-4  is  too  far 
back,  as  appears  by  the  table  of  real  errors,  bv  —  4-5  divi- 
sions of  the  micrometer  head.  The  range  of  the  screw  for 
slow  motion  must  now  be  restored,  the  cro^s  wires  of  H 
set  back  to  —  4*8  divisions,  and  the  sector  moved  back  by 
hand,  but  not  to  the  division  0  where  it  began  before  ;  for, 
as  it  left  off  in  the  first  interval  at  ^ths  of  a  division,  it  has 
to  go  forwards  i-th  more  before  it  will  arrive  at  the  spot 
^where  the  l/lh  division  of  the  instrument  1°  25'  is  to  be 
made,  so  that  in  this  second  course  it  must  bcgm  at  -g-th 
short  of  0.  Go  throuuh  this  interval  as  beforf,  making  a 
division  upon  the  circle  at  every  one  of  the  16  great  divi- 
sions of  the  sector  ;  and  \l  should  now  reach  the  third  dot, 
allowing  for  a  tabular  errorof  —  ]0'2  when  the  division  flhs 
of  the  sector  reaches  the  cross  wires  of  I.  It  would  be  te- 
dious to  lead  the  reader  through  all  the  variety  of  the  sector, 
which  consists  of  eight  courses;  and  it  mav  he  sufficient  to 
observe,  that  at  thecommencemeni  of  every  course,  it  must 
be  put  back  to  the  same  fraction  of  a  division  which  ter- 
minated its  former  one ;  and  that  the  wire  of  the  niicro- 
nieter  H  must  always  be  set  to  the  tabular  error  belonging 
lo  every  dot,  when  we  end  one  interval  and  begin  another. 
The  eioht  courses  of  the  sector  will  have  carried  us  through 
.^d  part  of  the  circle,  11°  15',  and  during  this  tin)e,  the 
roller  will  have  proceeded  through  half  a  revolution  ;  for 
its  close  contact  with  the  limb  of  the  circle  dues  not  allow 

on  some  intervals  amount  to  double  that  quantity.  It  therefore  becomes 
matter  of  prudent  precaution  to  examine  every  interval  previous  to  making 
the  divisions;  and,  where  necessary,  to  adjust  the  sector,  so  that  its  arc 
may  exactly  measure  the  correspondiag  interval  as  corrected  by  the  tubu- 
lated errors. 

L4  it 
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it  to  return  with  the  sector  wlien  tlie  latter  is  set  back  at 
every  course.  Havinii  in  this  manner  proceeded,  tVom  one 
interval  to  another,  through  the  v;hoie  circle,  the  micro- 
jnetcr  at  last  vvdl  be  found  with  its  wire,  at  zero,  on  the 
dot  IVom  which  it  set  out;  and  the  sector,  with  its  J6ih 
division,  coinciding  wiih  the  wires  of  its  microscope. 

Having  now  given  a  faithful  detad  of  every  part  of  the 
proctos  of  dividing  this  circle,  I  wish  to  remind  the  reader 
that,  by  verilicatiou  and  correction  at  every  interval,  any 
erroneous  action  of  the  roller  is  prevented  from  extending 
its  juiluence  to  any  distant  uiierval.  It  w.il  be  further  ob- 
served, that  the  suiidividmo;  sector  magnifies  the  work;  that 
by  means  of  its  adjustable  arc,  it'makcs  the  run  of  the  roller 
measure  its  corresponding  intervals  upon  the  circle;  and, 
without  foreign  aid,  furnishes  the  means  of  reducing  the 
bisectional  intervals  to  tiie  usual  division  of  the  circle. 
Furthermore,  the  motion  of  the  wire  of  the  micrometer  H, 
according  to  the  divisions  of  its  head  and  corresponding 
table  of  errtjrs,  furnibhes  the  means  of  prosecuting  the  work 
-with  nearly  the  same  certainty  of  success,  as  could  have 
happened,  had  the  -23G  points  been  (which  in  practice  ia 
quite  impossible)  in  their  true  places. 

Now,  the  whole  of  my  method  of  dividing  being  per- 
formed by  taking  short  measures  with  instruments  which 
cannot  themselves  err  m  any  sensible  degree,  and,  inas- 
much as  those  measures  are  taken,  not  by  the  hand,  but  by 
vision,  and  the  wliole  performed  by  only  looking  at  the 
•work,  the  eye  must  be  charged  with  all  the  errors  that  are 
committed  until  wc  come  to  cut  the  divisions;  and,  as  in 
this  last  operaliou  the  hand  has  no  more  to  do  than  to  guide 
an  apparatus  so  perfect  in  itself,  that  it  cannot  be  easily 
made  to  deviate  from  its  proper  course,  I  would  wish  to 
distinguish  it  from  the  other  methods  by  denominating  it, 
dividing  by  the  eye*. 

The 

*  I  must  here  rc.nark,  that  Smeaton  has  represented  the  greatest  degree 
of  accuracy  that  can  be  derived  fn.m  vision,  in  judging  of  the  coincidence 
of  two  lines  a?  ^tfo  ''^  P'^'"'  "^  '*^  inch.  From  ihis  it  may  fairly  be  inferred, 
tliat  lie  h;.d  not  cultivated  the  po\ver  uf  the  sight,  as  he  had  done  that  of  the 
touch;  the  litter  of  which,  wi:!i  that  ability  whicli  appeared  in  all  his 
works,  he  -eiidered  sensible  to  th.,  ^  .J^^^*^  P'''"'^  ^^  ''"  inch.  Were  materials 
infiaitely  hard,  no  byund?  could  be  sec  to  the  precision  of  contact;  but 
taking  ihings  as  they  are,  the  ditfereiit  degrees  of  hardness  in  matter,  may 
be  coiisideretl  as  a  kind  of  magnifying  power  to  the  toiicl),  which  may  not 
unaptly  be  compared  w'lh  the  assistance  which  the  eye  receives  from  glasses. 
It  is  now  vjuite  comm.  .n  to  divide  the  seaman's  sextant  to  10",  and  a  good 
eye  will  estimate  the  half  of  it ;  wiiich,  on  an  eight-inch  radius,  is  scarcely 
^.jJooth  of  an  iiich.  This  quantity,  .small  as  it  is,  is  rendered  visible  by  a 
gUss  of  one  inch  focal  length;  aud  such  is  the  certainty  with  which  these 

(^uan  titles 
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The  number  of  persons  at  all  capable  of  dividing  origi- 
nally have  hiiherto  been  very  tew  ;  the  practice  of  it  being 
6o  limited,  that,  in  less  than  twice  seven  vears,  a  niau 
could  hardly  hope  to  become  a  workman  m  this  most  diffi- 
cult art.  How  far  I  shall  be  considered  as  liavinf  sur- 
mounted these  ditficuities,  I  know  not;  but  if,  by  the  me- 
thod here  revealed,  I  have  not  rendered  original  dividing 
almost  equally  easy  with  what  copying  was  before,  I  have 
spent  much  labour,  time,  and  thought  in  vain.  I  have  no 
doubt  indeed,  that  any  careful  wt-rkman  who  can  divide  in 
common,  and  has  the  ability  to  construct  an  astronomical 
instrument,  will,  by  followmg  the  steps  here  n)arked  out, 
be  able  to  divide  it,  the  first  tune  he  tries,  better  than  the 
most  experienced  workman,  by  any  former  method. 

Jf,  instead  of  subdividing  with  the  roller,  the  same  thing 
be  performed  with  the  screw,  it  will  not  give  to  dividingr  by 
the  eye  any  very  distinctive  character  :  I  have  practist-d  this 
on  arcs  of  circles  with  success,  the  edge  bemg  sliuiulv 
racked,  the  screw  carrying  forward  an  index  wuh  the  re- 
quisite apparatus,  and  having  a  divided  micrometer  head; 
the  latter  answers  to  the  subdividing  sector,  and,  beinij 
used  with  a  corresponding  table  of  errors,  forms  the  means 
of  correcting  the  primitive  points  ;  but  the  roller  furnishes 
a  more  delicate  action,  and  is  by  far  more  satisfactory  and 
expeditious. 

It  is  known  to  many  that  the  six-feet  circle,  which  I  am 
now  at  work  upon  for  our  Royal  Observatorv,  is  to  be  di- 
vided upon  a  broad  ed^e,  or  upon  a  surface  at  right  aucrles 
to  the  usual  plane  of  division  :  the  only  alteration?,  w  [lich 
will  on  that  account  be  required,  are,  that  (he  roller  must 
act  upon  that  plane  which  is  usually  divided  upon  ;  which 
roller,  being  elevated  or  depressed,  ma)  be  adjusted  to  the 
commensurate  radius  without  being  matle  conical,  as  was 
necessary  in  the  other  case.  The  apparatus,  similar  to  the 
other,  must  here  be  Jixed  immoveable  to  the  frame   which 

quantities  are  seen,,  that  a  seaman  will  sometimes  complain  that  two  pair  of 
these  lines  -vvill  coincide  at  the  same  time;  and  tliat  may  happen,  and  yet  no 
division  of  his  instrument  err,  by  more  than  jr.'.r sth  part  of  an  inch.  All  this 
is  applicable  to  judging  of  the  coincidence  of  lines  with  each  other,  and 
furnishes  not  the  most  favourable  display  of  the  accuracy  of  vision.  But  with 
the  microscopes  here  described,  where  the  v.  ire  bibccis  the  image  of  a  dot, 
or  a  cross  wire  is  made  to  intersect  the  image  of  a  line,  by  an  eve  practised 
in  such  matters,  a  coincidence  may  undoubtedly  be  ascertained  to  ^r.'.-jth 
part  of  an  inch.  I  am  of  opinion  that  as  small  a  quantity  may  be  rendered 
visible  to  the  eye,  as  can  by  contact  be  made  sensible  to  the  touch ;  but 
whether  Mr.  Snicaton's  j.,', o  ^nd  ^'  7,-eWo  be  not  the  same  thing,  I  will  not 
determine ;  the  diiFcrence  between  them,  however,  is  what  he  would  no  more 
^idve  pretended  to  feel,  tliao  I  dare  pretend  to  sec. 

supports 
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supports  tlie  circle;  its  position  must  be  at  the  verfey, 
where  also  I  must  have  my  station;  and  the  instrument  it- 
self mast  be  turned  around  its  axis,  in  its  proper  vertical 
position,  as  the  work  proceeds.  The  above  may  suffice, 
for  the^present,  to  gratiiy  those  who  feel  themselves  inter- 
ested upon  a  subject  which  will  be  better  imderstood,  if  I 
should  hereafter  have  the  honour  of  laying  before  the  Royal 
Societv  a  particular  description  of  the  instrument  here  al- 
luded to;  a  task  which  I  mean  to  undertake,  when,  after 
heinti"  fixed  in  the  place  designed  for  it,  which  1  hope  will 
be  effected  at  no  very  distant  period,  it  shall  be  I'ound  com- 
pletely to  answer  the  purposes  intended. 

Should  it  be  required  to  divide  a  circle  according  to  the 
centesimal  division  of  the  quadrant,  as  now  reconunended 
and  used  in  France,  we  shall  have  no  difficulty.  The  100^ 
of  the  quadrant  mav  be  conveniently  subdivided  into  10 
each,  making  4000  divisions  in  ihe  whole  round.  The  25G 
bisectional  intervals,  the  two  tables  of  errors,  and  the  man- 
ner of  proceeding  and  acting  upon  them,  will  be  exactly  the 
same  as  before,  until  we  come  to  cut  the  divisions ;  and  for 
this  purpose  we  must  have  another  line  divided  upon  the 
sector.     For  ^-g'^^th  part  of  the  circle  being  equal  to  5'-4  of 

1°24'22''5  .    .  . 

the  usual  aneular  measure ,-- =    15Uhs  divisions; 

s  5-4  * 

•  and  just  so  many  will  be  equivalent  to  one  of  the  intervals 
of  the  circle.  The  value  of  one  of  the  great  divisions  of  the 
sector  Will  be  1°  2G'  24'',  and  that  of  The  ^th  parts,  which 
are  to  be  annexed  to  the  right  and  left  as  before,  will  be 
lo'  4S'',  therefore  divisible  by  the  engine,  bhould  any 
astronomer  choose  to  have  both  graduations  upon  his  in- 
strument, the  additional  cost  would  be  a  mere  trifle,  pro- 
vided both  were  done  at  the  same  time. 

It  must  already  have  been  anticipated,  that  dividing  by 
the  eye  is  equally  applicable  to  straight  lines  as  it  is  to  circles. 
An  apparatus  for  this  purpose  should  consist  of  a  bar  of 
brass,  three  quarters  of  an  inch  thick,  and  not  less  than 
three  inches  broad  ;  six  feet  may  do  very  well  for  the 
length  ;  it  may  be  laid  upon  a  deal  plank  strengthened  by 
another  plank  screwed  edgewise  on  its  lower  surface.  Tlie 
bar  should  be  planed,  on  both  its  ed'.res  and  on  its  surface, 
with  the  greatest  exactness;  and  it  will  be  better,  if  it  has 
A  narrow  slip  of  silver,  inlaid  through  its  whole  length,  for 
receiving  the  dots.  An  apparatus  nearly  similar  to  the 
other  should  slide  along  its  surface,  carrying  a  roller,  whose 
circumference  is  12'8  inches,  and  turned  a  little  conical 
for  the  sake  of  adjustment.    The  roller  may  be  divided  inta 

32  parts, 
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32  parts,  each  of"  which  wiien  Iransfcrred  to  the  tar  will 
give  in'.ervals  of  0-4  ol  an  inch  each  ;  iht;  angle  of  the  siih- 
chvidinsi  sector  should  of  course  be  11*'  iS',  aud  suhdivjoej 
into  four  parts,  which  will  divide  the  i>ich  into  leiuhjj ; 
the  suriact  may  also  receive  other  lines,  wiih  suhdivisious 
suited  io  the  dirJ'erent  purposes  for  whicli  it  ivhk  be  wanted. 
1"he  revolutions  of  the  roller  and  its  -^'^  paiis  innst  be 
tiotted  upon  the  bar:  taking  care,  by  sizing  ihc  r(J!er,  to 
come  as  near  the  tiue  standard  measure  as  possible:  ul.ca 
this  is  d(Mie,  compare  the  extent  of  the  greater  bii>iciional 
iiunil)('r  thatis  coiitamed  in  the  lencih  ;  i.  e.  128  inlervaia 
of  51-^  inches,  v  ith  the  standard  measi.re  ;  notiiiij;  che  dif- 
iereiici.  as  mdicated  by  the  micrometer  heads :  the  ex- 
anunation  aan  ctmsiruction  of  the  table  of  errors  uuu-  ihca 
be  C(jndut  ted  just  as  was  done  for  the  circle. 

Beinsi  now  rendy  for  the  ptrrformance  of  its  work,  'he 
scale  t-o  be  divided  must  be  laid  alongside  of  th.c  bar.  and 
the  true  divisions  must  be  cut  upon  it  by  an  appeal,  as  lye- 
fore,  to  the  erroneous  dots  on  the  bar,  corrected  by  a  cor- 
responding table  of  errors.  The  apparatus,  remaining  en- 
tire in  the  pcssessitMi  of  the  woikman,  with  its  priniiijve 
dots,  the  tai)!e  of  errors,  &c.,  is  ready  for  dividiiiij  another 
fclandaid,  which  will  be  precisely  similar  to  others'thai  have 
been,  or  may  be,  divided  from  it.  it  may  be  considered, 
indeed,  as  a  kind  of  engine;  and,  as  it  is  not  vitiated  by 
the  coarse  o])eration  of  racking  with  a  screw,  but  perforni- 
■ed  by  only  looking  at  the  work,  the  method  will  coni- 
iTiernd  abc(ut  three  times  the  accuracy  that  can  be  derived 
from  the  ususi  straight-line  dividing  enjiiiie.  Should  it  be 
asked,  it  an  engine  thus  appointed  .would  succeed  for  di- 
vidu-.g  circles  ?  1  answer.  Yes;  but  I  would  not  recom- 
unentt  it;  because,  beyond  a  certain  extent  of  radius,  it  is 
not  necessary  :  for  the  errors,  which  would  be  ivitroductd 
into  the  wi.>rk  by  the  violence  o{"  racking  a  lariie  wheel,  are 
sufficiently  reduced  by  the  comparative  phijTtness  ui  ihe 
radms  of  such  instruments  as  we  divide  by  ti.at  method  : 
and,  what  is  still  more  to  the  purpc^se,  the  dividing  enTrine 
is  four  times  more  expeditious,  and  bears  rouch  u.^'iae  bel- 
ter. 1  cannot  quit  the  subject  of  dividing  straiulu  lines 
without  observing,  tliat  I  never  had  my  apjiarau^s  compkie. 
The  siandar^l  wheh  I  made  for  sir  Geortie  Sbuekbi-iii,  tlve- 
lyn  in  1796,  was  done  by  a  mere  make-shift  contrnance 
upon  the  principle  of  dividing  by  the  eye;  how  I  suocted- 
ed  may  be  seen  in  Sir  George's  papers  on  Weights  and 
Measures  (Philosophical  Transactions  for  179S).  '^  f  made 
a  second,  some  years  aiterj  for  professor  Pictet  of  Geneva 

which 
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which  became  the  subject  of  comparison  with  the  new 
measure  of  France,  before  the  National  Institute  ;  and  their 
report,  drawn  up  by  iMr.  Piclet,  has  been  ably  re-stated 
and  corrected  by  Dr.  Young,  as  published  in  the  Journals 
of  the  Royal  Institution,  i'niade  a  third  for  the  magis- 
trates of  Aberdeen.  I  notice  the  two  latter,  pruicipally  to 
give  myself  an  opportunity  of  saying  that,  if  those  three 
scales  .A ere  to  be  compared  tt)tiether,  notwithstandmg  they 
were  divided  at  distant  periods  of  time,  and  at  different 
seasons  of  the  year,  they  would  be  found  to  agree  with 
each  other,  as  nearly  as  the  ditlercnt  parts  of  the  same  scale 
agree. 

[  nope  I  niny  here  be  allowed    to  allude  to  an   niadver- 
tency  which  has  been  committed  in  the   paper  mentioned 
above;  and  which  sir  George  intended  to  have  corrected, 
had  he  lived  to  conclude  his  useful  endeavours  lo  harmonize 
ihe  discordant  weights  and  measures  of  this  country.     The 
instruments  which  he  ha?  brought  into  comparison  are,  his 
own   five-ftet  standard    measure   and  equatorial ;    general 
Roy's  forty-two   inch  scale;  ihe  standard  of  Mr.  Aubert ; 
and  that  of  the  Royal  Society.     The  inadvertency  is  this  : 
in  his  equatorial.,  and  the  standard   of  the  Royal  Society, 
he  has  charged   the  error  of  the   most  erroneous   extent, 
when  compared  with  the  mean  extent,  alike  to  both  divi- 
sions; i.  e.  he  has  supposed  one  of  the  divisions,  which  bound 
the  erroneous  extent,  to  be  too  much  to  the  right,  and  the 
other  too  much  to  the  left,  and   that   by   equal   quantities. 
This  IS  certainly  a  goud-natured  way  of  stating  the  errors 
of  work  ;  and  perhaps  not   unjustly   so,  where   the   worst 
part  has  been   selected  ;  but  in  the  other  three  instances, 
namely,    in   general  Roy's,    Mr.  Aubert's,    and  his   own 
standard    he  has  charged   the  whole  errjr  of  the  most  er- 
roneous txteni  to  one  of  the  LounJiing  lines. 

I  wa-j  uell  confirmed  in  my  high  opinion  of  the  general 
accuracy  of  Bird's  dividing,  when,  last  winter*,  I  mea- 
sured the  chords  of  manv  arcs  of  the  Greenwich  quadrant : 
that  instrument  has  indeed  sufiered  both  from  a  change  in 
its  fiiiure,  and  from  the  wearing  of  its  centre ;  but  the 
graduation,  considering  the  time  v  hen  it  was  done,  I  found 
to  be  very  good.  Sir  George  in  his  paper  upon  the  Eqim- 
toria'  (Philosophical  Transactions  fo,  179'-^)j  after  some 
cop'i.'Lments  pai>l  to  the  divider  of  his  instrument,  says, 
*'  The  iaie  Mr.  J.jhn  Eird  seems  to  have  admitted  a  proba- 
ble discrepancy  in  the  divisions  of  his   eight-feet  quadrant 

*  TLii  paper  was  written  in  June  1808. 
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amounlina  to  2,";"  and  he   refers  to  Bird  on  the  construc- 
tion of  the  Greenwich  quadrant.    This  quantity  Ijeing  three 
times   as  great  as  any  errors  that  I  met  with,  I  was  lately 
induced  to  inquire   how  the  niauer  stood.     Bird,  in  the 
paper  referred  to,  savs,   "  In  dividing  this   instrument    E 
never  met  with  an  inequality  that  exceeded  one  second.     I 
will  suppose  that  in  the  90  arch  this  error  lay   towards  the 
left  hand,  and  in  the  g6  avch  that  it  lay  towards  the  right, 
it   will   cause  a  difference  between  the  two  arches  of  two 
seconds;  and  if  an  error  of  one  second  he  allowed  to  the 
observer  in  readins;  off  his  observation,  the  whole  amount 
is  no  more  than  three  seconds,  which  is  agreeable  to  what 
I  have  heard,  &c."     Sir  George's  examination  of  his  own 
equatorial  furnishes  me  with  the  means  of  a  direct  com- 
parison :  in  hi?  account  of  the   declination  circle,  we  find 
an  error  +  2"'3j,  and  another  —  V^'b  ;  to  these  add   an 
error  of  half  a  second  in  each,  for  readme  off,  which  sir 
George  also  admits;  we  shall   then  have  a  discrepancy  of 
4''*85  ;  but  as  the  errors   of  reading*  ff  are  not  errors  of 
division,  let  them  be  discharged  from  both,  and  the  errors 
will   then   stand, — for  the  quadrant  9.",  and  for  the  circle 
3'''"85.  As  the  radius  of  the  former,   however,  is  four  times 
greater  than  that  of  the  latter,  it  will  appear,  by  this  mode 
of  trial,  that  the  equatorial  is  ra'.her  more  than  twice  as  ac- 
curately divided  as  the  quadrant.     In  doing  justice  to  Bird 
in  this  instance,  I  have  only  done  as  I  would  be  done  bv ; 
for,  should  any  future  writer  set  me  back  a  century  on  the 
chronological   scale  of  progressive  improvement,  I   hope 
some  one  will  be  found  to  restore  me  to  my  proper  niche, 
I  now  subjoin  a  re-statcment  of  the  greatest  errcr   of  each 
of  the  instruments  that  are  brought  mto  comparison  by  sir 
George,  after   having   reduced  them   all  tiy  one  rule  ;  viz, 
allowing  each  of  the  two  points  which  bound  the  most  er- 
roneous extent  to  divide  the  apparent  error  equally  between 
ihcm.     They  are  expressed  in  parts  of  an  inch,  and  follow 
each  other  in  the  order  of  their  accuracy. 

Sir  George  Shuckburg's  5-icet  standard      -     '000165 
General  Rov's  scale  of  42  inches         -  -     •000940 

Sir  George's  equatorial,  2-feet  radius  -  'COO-r/S 
The  Greenwich  quadrant.  8  feet  radius  -  '000465 
Mr.  Aubcrt'^  standard,  5  feet  long  -  -  '000700 
The  Royal  Society's  standard,  92  inches  long*  '000795 
F(jr  the  justness  of  the  above  statement  I  consider  n\v 
name  as  pledged ;  requesting  the  pcrn)ission  to  say,  that  if 

*  This  is  the  same  which  Mr.  Bird  used  in  dividing:  his  eig!u-feet  mural 
quadiaiKs,  and  wa?  presented  to  the  Royal  Society  bv  Bird's  executors.  * 

on 
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on  the  result  of  each  respective  examination,  as  here  pre- 
sented, there  could  have  been  more  tlian  one  opin.on,  it 
■would  not  have  appeared  here.  I  am  further  prompted  to 
add,  ihiit  the  aljove  comparative  view  pre<enf?  one  circum- 
stance to  our  notice,  which  camiot  do  less  liian  gratify 
every  nidividuai  who  is  at  all  conversant  in  there  matters  ; 
I  mean,  the  high  rank  which  general  Rov's  scale  takes  ia 
the  Ji^;  ;  that  scale  having  urcn  n;ade  the  agent  in  .-mea- 
surinji  the  base  line  of  our  nati  )nal  trigonometrical  survey. 

To  return,  finally,  to  the  dividing  of  circles;  J  must 
state,  as.  matter  of  precaution,  ihat  great  care  should  be 
taken  during  the  turning  of  the  outer  edge,  to  have  the 
circle  of  the  same  icmperature ;  for  one  part  may  be  ex- 
panded by  heat,  or  coniracted  by  cold,  so  much  m';re  than 
another,  as  to  cause  the  numbers  in  the  tables  of  errors  to 
be  inconveniently  large.  A  night  is  net  more  liian  suffi- 
cient for  allowing  the  whole  to  take  the  same  temperature^ 
after  having  been  handled  by  the  workmen  j  and  the  finish- 
ing touch  should  be  '^iven  within  a  short  space  of  time. 
But,  if  the  effects  of  temperature  are  to  be  regarded  in 
turning  a  circle,  it  is  of  tenfold  more  importance  to  attend 
to  this  circumstance,  vi'hile  the  examination  of  the  laroer 
arcs  of  the  inslrinnent  is  carried  on  ;  for  it  is  absoluielv 
necessary  that,  during  this  time,  the  whole  circle  should 
be  of  the  same  heat  exactly.  Few  workmen  are  sufficiently 
aware  of  this  :  tlicy  generally  suppose  the  expansion  of 
metals  to  be  a  trifle  which  need  not  be  regarded  in  practice  ; 
and  wonder  how  the  parts  of  a  circle  can  be  differently 
heated  without  taking  pain^  to  make  it  so.  One  degree  of 
Fahrenheit's  thermometer  indicates  so  small  a  portion  of 
heat  that,  in  such  places  as  workmen  are  usually  obliged 
to  do  their  business  in,  it  is  not  very  easy  to  have  tt.ree 
thermometers  attached  to  different  parts  of  a  lartie  instru- 
ment, showing  an  equality  of  temperature  within  that 
quantity:  yet  so  necessary  is  correctness  in  this  respect, 
that  if  a  circle  has  the  vertex  one  degne  warmer  than  its 
opposite,  and  if  this  difi'erence  of  temperature  be  regularly 
distributed  from  top  to  boitom,  the  uper  semi-circle  w;ll 
actually  exceed  the  lower  by  2":  and,  if-  such  should  hap- 
pen to  he  the  case  while  the  examination  of  the  first  dot  of 
the  third  quadrant  is  made,  the  regularity  of  the  whole 
operation  would  thereby  be  destroyed. 

It  may  not  be  improper  to  remark,  that  dividing  by  the 

eye  docs  not  require  a  more  expensive  apparatus  tlvan   the 

operatioVi  of  dividing  by  hand  ;  and,  indeed,  less  so  when 

the  scale  of  inches  is  deemed  necessary.     The  method  by 
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adjustment  is  still  more  expensive,  requiring  whatever  tools 
Bird's  method  requires,  and,  in  addition  to  these,  a  friine 
and  niicroscopes,  somewhat  similar  to  those  for  dividing 
by  the  eye. 

It  is  somewhat  more  difficult  to  give  a  comparative  esti- 
mate, of  tiie  time  which  the  different  methods  of  dividing 
require.  I  know  that  thirteen  days  of  eight  hours  each  are 
well  employed  in  dividing  such  a  circle  by  my  method; 
about  fihy-two  davs  would  be  consumed  in  doing  the  same 
thins  by  Bird's  method  ;  and  I  think  I  cannot  err  much 
when  I  state  the  method  by  adjustment,  supposing  every 
dot  to  be  tried,  and  that  two-thirds  of  them  want  adjusting, 
to  require  about  one  hundred  and  fifty  of  such  davs. 

The  oeconomv  of  time  (setting  aside  the  decided  means 
of  accuracy)  which  the  above  estimate  of  its  application 
offers  to  view,  will,  I  think,  be  considc-ed  of  no  little 
moment.  By  the  rising  artist  who  may  aspire  at  excellence, 
it  will  at  least,  and  I  should  hope,  with  gratitude,  be  feic 
in  the  abbreviation  of  his  labours.  To  me,  indeed,  the 
means  of  effecting  this  became  indispensable;  and  it  has  not 
been  without  a  sutiicient  sense  of  its  necessity,  that  I  have 
been  urged  to  the  progressive  improvement  and  coniplwtiou 
of  these  means,  as  now  described.  It  it  but  little  that  a 
man  can  jierform  with  his  own  hands  alone  ;  nor  is  it  on 
all  occasions,  even  in  frames  of  firmer  texture  than  my 
own,  that. he  can  decisively  command  their  adequate,  un- 
errinsf,  use.  And  I  must  confess  that  T  never  could  recon- 
cile it  to  what  I  hold  as  due  to  myself,  as  well  as  to  a  soli- 
citous regard  for  the  most  accurate  cultivation  of  the  science 
of  astronomy,  to  commit  to  others  an  operation  rcquirin"?- 
such  various  and  delicate  attentions,  as  the  division  of  my 
instruments. 

.  That  my  attentions  on  this  head  have  not  failed  to  pro- 
cure for  me  the  notice  and  patronage  of  men  whose  appro- 
bation makes,  with  me,  no  inconsiderable  part  of  mv  re- 
ward, I  have  to  reflect  on  with  gratitude  and  pleasure  :  and 
as  I  look  with  confidence  to  the  continuance  of  that  pa- 
tronage so  long  as  the  powers  of  execution  shall  give  me 
the  inclination  to  solicit  it,  I  cannot  entertain  a  motive 
v.hich  might  20  to  extinguish  the  more  liberal  wish  of 
pointing  OuJ;  to  future  ingenuity  a  shorter  road  to  eminence  ; 
sufficiently  gratified  bv  the  idea  of  having,  in  the  present 
communication,  contributed  to  facilitate  the  operations, 
and  to  aid  the  progress  of  art  (as  far  as  the  limited  powers 
of  vision  will  admit)  towards  the  point  of  perfection. 
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XXV.  Report  mci^de  to  the  Institute  on  two  Memoirs,  of 
M.  Gratieisi  Lepekk,  Engineer  of  the  Imperial  Roads 
and  Bridges,  on  natural  and  artificial  Puzzolano,     Bi/ 

M.  CUAI^TAL*. 

XiVERY  person  is  acquainted  vviih  the  purposes  to  which 
puzzolano  is  apphed  in  buildings  under  water.  The  pro- 
per! v  posses?ed  by  this  volcanic  substance  of  speedilv  be- 
coming hard  when  mixed  with  sour  lime,  in  the  compo- 
sition of  cements  for  hydraulic  purposes,  has  rendered  it  a 
most  important  article  ;  but  the  difficulty  of  procuring  it 
from  Italy  while  the  navigation  of  the  «eas  is  interrupted, 
has  made  it  extremely  scarce  and  dear.  Attempts  have 
therefore  frequently  been  made  to  procure  a  substitute  for 
puzzolano,  in  substances  which  are  to  be  procured  in  ail 
countries  and  at  a  low  price. 

It  seems,  therefore,  an  interesting  subject  to  collect  the 
various  processes  which  have  been  employed  for  adapting 
different  mineral  substances  to  the  uses  of  puzzolano,  and 
with  this  view  I  have  drawn  up  the  present  extract  of 
M.  Lepere's  two  memoirs,  without  binding  myself  to  follow 
his  order. 

A  substitute  for  puzzolano  may  be  procured  in  three 
ways,  ,1st,  By  employing  the  remains  of  the  extinguished 
volcanoes  which  almost  all  countries  produce.  2dly,  By 
substituting  some  other  volcanic  products  for  puzzolano. 
3dly,  By  giving  to  certain  mineral  substances,  by  calcina- 
tion, a.\\  the  properties  of  these  volcanic  productions. 

Messrs.  Desmarets  and  Faujas  St.  Fond  long  ago  made 
known  some  strata  of  good  puzzolano  in  the  volcanoes  of 
Auvergne  and  Vivarais.  I  also  pointed  out  this  substance 
in  the  volcanoes  which  separate  Lodeve  from  Bedarieux,  in 
the  department  of  the  Herault,  and  it  has  been  employed 
with  success  in  the  construction  of  bridges  and  other  hy- 
draulic buildings. 

We  may  also  find  a  substitute  for  puzzolano  in  other 
volcanic  products^  such  as  basalt,  pumice  stones  carefully 
pounded,   &,c. 

In  1797  M.  Guyton  de  Morveau  sent  to  M.  de  Cessart, 
at  Cherbourg,  some  calcined  basalts  from  the  extinguished 
volcano  of  Drevin,  in  the  department  of  the  Var  and 
Loire.  The  latter  proved  by  conclusive  experiments,  that 
they  might  be  employed  with  great  advantage  in  buildings 
under  water. 

The  Dutch  terrass  is  a  kind  of  pumice  stone  brought 

*  from  Aunales  de  Chimie,  tome  Ixiv.  p.  273. 
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from  Bonn  and  Andernach.  At  Doixlrecht,  at  ihe  mouths  of 
the  Rhine  and  Meuse,  the  operation  ot-' pounding  iseffected. 

But  these  resources  are  local;  and  as  the  manufacture  of 
puzzolano  mav  become  general,  we  proceed  to  describe  iho 
best  means  of"  attaining  it.  ' 

h  would  be  difficult  to  assign  the  period  at  which  pounderl 
bricks  and  the  earthy  rtsidue  trom  the  distillation  of  aqua- 
fortis were  substituted  for  volcanic  puzzolano.  Their  use, 
however,  has  become  general,  particularly  where  there  are 
no  sea-ports  in  the  vicinity  at  which  real  puzzolano  caa 
be  furnisiied  :  even  in  the  South  of  France  thev  prefer  the 
earthy  residue  of  the  distillation  of  aquafortis  to  the  best 
puzzolanos  for  coating  the  inside  of  the  wine  tubs,  which 
are  almost  all  of  mason  work,  and  for  the  cements  used  by 
individuals  in  hydraulic  works.  The  earth  employed  in  the 
South  of  France  for  the  decomposition  of  saltpetre,  by  ex- 
tracting the  aquafortis  from  it>  is  an  ochrey  earth  very  much 
charged  v;ith  iron,  and  more  or  less  reddened  by  the  oxide 
of  this  metal.  When  it  is  wanted  for  cement,  it  is.  only 
necessary  to  beat  it  up  with  lime  and  a  proper  quantity  of 
water.  M.  Lcpere  relates  some  experimeiiis  made  at  Paris 
by  the  engineers  of  roads  and  bridges,  from  which  it  ap- 
pears that  an  Immersion  of  eight  days  was  sufficient  for 
aquafortis  cements  to  acquire  a  hardness  fit  to  resist  a  billet 
of  wood  when  forced  aeamst  it  with  the  whole  strength  of 
a  man;  whereas  the  Italian  puzzolano  required  six  weeks 
before  it  attained  the  same  degree  of  hardn.ess. 

In  general  the  quality  of  the  earth  is  better  in  proportion 
as  it  is  charged  with  iron. 

This  last  observation  is  equally  applicable  to  pounded 
bricks  :  in  general  they  do  not  make  a  good  cement  unless 
they  are  well  burnt,  and  made  of  very  ferruginous  earth. 

Twenty  years  ago  I  suggested  the  above  substitutes  for 
puzzolano;  and  the  result  of  my  comparative  trials  made  in 
the  port  of  Cette,  under  the  inspection  of  the  engineers  of 
the  province  of  Languedoc,  was  published  in  17S7,  in  a 
memoir  printed  by  Didot,  by  order  of  the  states-general  of 
the  province. 

The  means  which  I  suggested  for  making  this  artificial 
puzzolanb  are  smiple,  and  may  be  put  in  practice  almost 
every  where.  Balis  should  be  made  of  the  ochrey  earth, 
and  burned  in  a  lime  or  potter's  kiln.  In  order  to  form 
these  balls,  the  earth  nmst  be  moistened  wiih  a  sufficient 
quantity  of  water:  and  when  the  balls  are  made,  they  should 
be  burned  until  thev  pass  fioin  a  red  to  a  black  colour,  and 
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the  angles  of  the  scales  formed  when  they  are  broken  ex- 
hibit sharp  and  shining  edges. 

In  the  same  work  I  proposed  to  substitute  the  blackish 
schists  which  are  decomposed  in  the  air  for  puzzolanos. 
Those  which  are  in  cakes  are  best ;  but  in  all  cases  they 
must  be  strongly  calcined,  in  order  to  give  them  the  re- 
quisite properties. 

M.  Lepere  relates  that  M.  Vitalis,  professor  of  chemistry 
and  secretary  to  the  Rouen  Academy,  and  M.  Lamassen, 
chief  engineer  of  the  department  of  the  Lower  Seine,  have 
made  most  excellent  puzzolano  by  the  calcination  of  some 
ochrey  earths  in  the  environs  of  Rouen :  this  was  effected 
by  burning  the  earth  in  a  common  furnace  with  alternate 
strata  of  common  charcoal.  This  puzzolano  was  subjected 
to  some  trials  on  a  large  scale,  and  it  was  composed  in  the 
followina  manner  : 

One  part  and  a  half  of  yellow  calcined  ochrey  earth. 
—  •  0R€-parL  and   three-fourths   of  well  washed   siliceous 
sand. 

One  part  and  an  eighth  of  sour  lime. 
Two  parts  of  chips  from  calcareous  stone  and  silex. 
From  these  and  several  other  experiments    (the  propor- 
tions  of  which   were  varied)  it  results,  that  the  artificial 
\   puzzolano  constantly  exhibited  the  same  effects  as  the  best 
puzzolano  of  Italy.     M.  Lepere  was  an  eye-witness  of  all 
these  comparative  experiments. 

There  can  be  no  doubt,  therefore,  that  wherever  there 
are  ochrey  earths,  artificial  puzzolano  may  be  made  with 
great  facility. 

What  is  called  Dutch  terrass  is  in  many  respects  similar 
to  the  artificial  puzzolano  in  question. 

The  ashes,  or  rather  scoriae,  left  when  coals  are  burnt, 
may  also  be  applied  to  the  same  purpose.  M.  Guyton 
caused  a  trial  to  be  made  at  Cherbourg,  and  it  succeeded 
well. 

M.  Gratien  Lepere,  having  been  intrusted  in  1S04  with 
constructing  the  foundation  of  the  new  arsenal  at  Cher- 
bourg, began  to  turn  his  attention  to  the  best  method  of 
supplying  the  puzzolano  of  Italy.  He  knew  that  the  Swedes 
had  already  used  a  very  hard  black  slate  with  this  view, 
after  being  twice  strongly  calcined  in  a  lime-kiln. 

M.  Lepere  thought  he  perceived  a  great  analogy  between 
the  Swedish  stone  and  the  rocks  of  Cherbourg,  particularly 
those  of  port  Bonaparte,  which,  when  dug  into,  exhibited 
z  black  scbistusj  hard,  ferruginous,  and  falling  off  in  scales 
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of  various  thickness:  subsequent  experiments,  however, 
proved  that  the  slaty  schistus  of  Roule,  in  the  environs  of 
Chei'boiirg,  is  preferable,  and  that  good  mortar  may  be 
made  with  the  ferruginous  schist  of  Haineville,  which  is 
inferior,  however,  to  ihe  two  former. 

After  havmg  multiplied  and  varied  his  experiments  in 
such  a  manner  as  to  present  positive  results,  M.  Lepere, 
in  conjunction  with  the  committee  of  engineers  appointed 
to  examine  his  experiments,  draws  the  following  conclu- 
sions : 

1st.  That  the  schist  of  Cherbourg,  when  strongly  cal- 
cined and  pulverised,  forms  an  excellent  mortar  when 
mixed  with  sour  lime. 

2dly.  That  in  order  to  give  precisely  the  same  properties 
to  schist  which  are  possessed  by  puzzolano  and  terrass,  tlie 
former  must  be  calcined  in  a  reverberating,  instead  of  a 
Hme,  furnace. 


XXVI.  The  Bakerian  Lecture.  An  Account  of  some  new 
analytical  Researches  on  the  Nature  of  certain  Bodies^ 
particidarly  the  Alkalies,  Phosphorus,  Sulphur,  Car^ 
lonaceous  Matter,  and  the  Acids  hitherto  I'.ndecomposed ; 
with  some  general  Olservatiuns  on  Chemical  Theory.  By 
Humphry  Davy,  Esq.,  Sec.  i?.S.,  F.R.S.  Edin.,  and 
M.R.I.A. 

[Concluded  from  p.  124.] 

VIII.  Analytical  Experiments  on  Muriatic  Acid. 

X  HAVE  made  a  greater  number  of  experiments  upon  this 
jubstance,  than  upon  any  of  the  other  subjects  of  research 
that  have  been  mentioned  ;  it  will  be  impossible  to  give  any 
more  than  a  general  view  of  them  within  the  limits  of  the 
Bakerian  lecture. 

Researches  carried  on  seme  years  ago,  and  which  are 
detailed  in  the  Journals  of  the  Royal  Institution,  showed 
that  there  were  little  hopes  of  decomposing  muriatic  acid, 
in  its  common  form,  by  Voltaic  electricity.  When  aqueous 
solution  of  muriatic  acid  is  acted  upon,  the  water  alone  is 
decomposed  ;  and  the  Voltaic  electrization  of  the  gas  affords 
no  indications  of  its  decomposition ;  and  merely  seems  to 
show,  that  this  elastic  fluid  contains  much  more  water  than 
has  been  usually  suspected. 

I  have  already  laid  before  the  Society,  an  account  of  some 
experiments  made  on  the  action  of  potassium  on  muriatic 

M  3  acid. 


1 S2  On  some  new  analytical  Researches 

acid.  I  have  since  carried  on  the  same  processes  on  a  larger 
seale,  but  with  precisely  similar  results. 
-When  potassium  is  introduced  into  muriatic  acid  gas, 
procured  trom  muriate  ot  ammonia  and  concentrated  sul- 
phuric acid,  and  freed  iVom  as  much  moisture  as  muriate 
cfF  lime  is  capable  of  attractinsi  from  it,  it  immediately  be- 
comes covered  with  a  white  crust,  it  heats  spontaneously, 
and  by  the  assistance  of  a  lamp,  acquires  in  se^mc  parts  the 
temperature  of  ignition,  but  does  not  inflame.  When  the 
potassium  aiiii  the  gas  are  in  proper  proj/ortions,  they  both 
entirely  disappear;  a  white  salt  is  formed,  and  a  quantity 
of  "pure  hydrogen  gas  evolved,  which  equals  about  one- 
third  of  the  original  volume  of  the  gas. 

By  eight  grains  of  potassium  employed  in  this  way,  I 
effcct^xl  the  absorption  of  nearly  twenty-tvyo  cubical  inches 
of  muriatic  acid  gas  ;  and  the  quantity  of  hydrogen  gas 
produced  was  equal  to  more  than  eight  cubical  inches. 

The  correspondence  between  the  quantity  of  hydrogen 
generated  in  cases  of  lifis  kind,  and  bv  the  action  of  potas- 
sium upon  water,  combined  with  the  elTects  of  ignited  char- 
coal upon  muri.uic  acid  gas,  by  which  a  quantity  of  in- 
■flamtnable  gas  is  produced  equal  to  more  than  one-third  of 
its  volume,  seemed  to  show,  that  the  phaenomena  merely 
depended  upon  moisture  combined  with  the  rpuriatic  acid 
gas  *. 

To  determine  this  point  with  more  certainty  however, 
and  to  ascertain  whether  or  no  the  appearance  of  the  hy- 
drogen was  wholly  unconnected  with  the  decomposition  of 
the  acid,  I  made  two  comparative  experiments  on  the 
quantity  of  muriate  of  silver,  furni*hed  by  two  equal  quan- 
tities of  muriatic  acid,  one  of  which  had  been  converted 
into  muriate  of  potash  by  the  action  of  potassium,  and  the 
other  of  which  had  been  absorbed  by  water;  every  care  was 
taken  to  avoid  sources  of  error  ;  and  it  was  found  that  there 
was  no  notable  difference  in  the  weight  of  the  results. 

There  was  no  proof  then,  that  the  muriatic  acid  had  been 
decompounded  in  these  experiments ;  and  there  was  every 
reason  to  consider  it  as  containing  in  its  common  aeriform 
state,  at -least  one-tlpir(l  of  its  weight  of  watery  and  this 

*  When  the  Vohaic  spark  is  taken  ccniinuDu$Iy,  by  means  of  points  of 
charcoal  in  muriatic  acid  gas  over  mercury,,  muriate  of  mercury  is  rapidly 
formed,  a  volume  of  iailammable  gas,  equal  to  one-third  of  the  origin^ 
Tolume  of  the  muriatic  acid  gm,  appe;j-s.  The  acid  gas  enters  ipto  conibina- 
ticn  ivith  the  oxide  of  mcTcii'-y,  so  that  water  enough  is  present  in  the  ex- 
periment to  form  oxide  sufTicieiit  to  absorb  the  whole  of  the  acid. 

conclusion 
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coneiusion  we  shall  find  warranted  by  factSj  which  are  im- 
nicdiattly  to  follow. 

I  now  made  a  number  of  experiments,  with  the  hopes 
of  obtaining  the  muriatic  acid  free  from  water. 

I  first  heated  to  whiteness,  in  a  vvell  luted  porcelain  re- 
tort, a  mixture  of  dry  «ujphate  of  iron,  and  muriate  of  lime 
which  had  been  previously  isnited  ;  but  a  few  cubic  inches 
of  gas  only  were  obtained,  though  the  mixture  was  in  the 
quantity  of  several  ounce*;  and  this  gas  contained  sulphu- 
reous acid.  I  heated  dry  muriate  of  lime,  mixed  both  with 
phosphoric-  glass  and  drv  boracic  acid,  in  tubes  of  porce- 
lain, and  of  iron,  and  employed  the  blast  of  an  excellent 
forge  ;  but  bv  neither  of  these  methods  was  any  gas  ob- 
tained, though  when  a  little  moisture  was  added  to  the 
mixtures,  muriatic  acid  was  developed  in  such  quantities, 
as  almost  to  produce  explosions. 

The  fummg  muriate  of  tin,  the  liquor  of  Lihaviiis,  is 
known  to  contam  drv  muriatic  acid.  I  attempted  to  sepa- 
rate the  acid  from  this  substance,  by  distilling  it  with  sul- 
phur and  with  phosphorus;  but  without  success.  I  ob^ 
tained  only  triple  ecMiipounds,  in  physical  characters,  some- 
thing like  ihe  solutions  of  phosphorus,  and  sulphur  in  oil, 
which  were  non  conductors  of  electricity,  which  did  not 
redden  dry  litmus  paper,  and  which  evolved  muriatic  acid 
gas  with  great  violence,  heat,  and  ebullition  on  the  contact 
of  water. 

I  distilled  mixtures  of  corrosive  sublimate  and  sulphur, 
and  of  calomel  and  sulphur;  when  these  were  used  in  their 
common  states,  muriatic  acid  gas  was  evolved  ;  but  uhen 
th^v  were  dried  by  a  gentle  heat,  the  quantity  wits  exceed- 
ingly diminished,  and  the  little  gas  that  was  generated  gave 
hydrogen  bv  the  aciion  of  potassium.  Durmg  the  distilla- 
tion of  corrosive  sublimate  and  sulphur,  a  very  small  quan- 
tKy  of  a  limpid  fluid  passed  over.  When  examined  by 
transmitted  light,  it  appeared  yellowish  green.  Tt  emitted 
fumes  of  muriatic  acid,  did  not  redden  dry  litmus  paper, 
and  flcposited  sulphur  by  the  action  of  water.  I  am  in- 
clincJ  to  consider  it  as  a  modification  of  the  substance  dis- 
covered by  Dr.  Thomson,  in  his  experiments  on  the  action 
of  oxymuriatic  acid  on  sulphur. 

MM.  Gay  Lussac  and  I'henard*  have  mentioned,  that 
they  endeavoured  to  procure  dry  muriatic  acid  by  distilling 
a  mixture  of  calomel  and  pliosphorus,  and  that  they  ob- 
tained a  fluid  which   they  consider  as  a  compound  of  mu- 

*  The  Moniteur  before  quoted. 
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riaiic  acid,  phosphorus,  and  oxygen.  In  distilling  corrosive 
sublimate  with   phosphorus,  I  had  a  similar  result,  and  I' 
obtained   the  substance  in  much  larger  quantities,  than  by 
the  distillation  of  phosphorus  with  calomel. 

As  oxymuriatic  acid  is  slightly  soluble  in  water,  there 
was  reason  to  suppose,  reciprocally  that  water  must  be 
slightly  soluble  in  this  gas  ;  1  endeavoured  theretbre  to  pro- 
cure dry  muriatic  acid,  by  absorbing  the  oxygen  irom 
oxymuriatic  acid  gas  by  substances,  which  wlien  oxy- 
genated prod 'ice  compounds  possessing  a  strong  affinity  tor 
■water.  Pi)osphorus,  it  is  well  known,  burns  in  oxymu- 
riatic acid  gas ;  though  the  results  of  this  combustion,  I 
believe,  h;ive  never  been  minutely  examined.  With  the 
hopes  of  procuring  muriatic  acid  gas,  free  from  moisture,  I 
made  the  experiment.  I  introduced  phosphorus  into  a  re- 
ceiver having  a  stop-cock,  which  had  been  exhausted,  and 
admitted  oxymuriatic  acid  gas.  As  soon  as  the  retort  was 
full,  the  phosphorus  entered  into  combustion,  throwing 
forth  pale  white  flames.  A  white  sublimate  collected  in  the 
top  of  the  retort,  and  a  fluid  as  limpid  as  water,  trickled 
down  the  sides  of  the  neck.  The  gas  seemed  to  be  entirely 
absorbed,  for  when  the  stop-cock  was  opened,  a  fresh 
quantity  of  oxymuriatic  acid,  nearly  as  much  as  would  have 
filled  the  retort,  entered. 

The  same  phaenomenon  of  inflammation  again  took  place, 
with  similar  results.  Oxynmriatic  acid  gas  was  admitted  till 
the  whole  of  the  phosphorus  was  consumed. 

Minute  experiments  proved,  that  no  gaseous  muriatic 
acid  had  been  evolved  izi  this  operation,  and  the  muriatic 
acid  was  consequently  to  be  looked  for  either  in  the  white 
sublim-ate,  or  in  the  fluid  which  had  formed  in  the  neck  of 
the  retort. 

The  sublimate  was  in  large  portions,  the  fluid  only  in  the 
quantity  of  a  few  drops.  I  collected  by  different  processes, 
sufficient  of  both  for  examination. 

The  sublimate  emitted  fumes  of  muriatic  acid  when  ex- 
posed to  air.  When  brought  in  contact  with  water,  it 
evolved  muriatic  acid  gas,  and  left  phosphoric  acid,  and 
muriatic  acid,  dissolved  in  the  water.  It  was  a  non-con- 
ductor of  electricity,  and  did  not  burn  when  heated ;  but 
Subhmed  when  its  temperature  was  about  that  of  boiling 
water,  leaving  not  the  slightest  residuum.  I  am  inclined 
to  regard  it  as  a  combination  of  phosphoric  and  muriatic 
acid  \n  their  dry  states. 

The  fluid  was  of  a  pale  greenish   yellow  tint,  and   very 
limpid  -y  when  exposed  to  air,  it  rapidly  disappeared,  emit- 
ting 
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ling  dense  white  fumes  which  had  a  strong  smell  differing 
a  little  from  that  ot  muriatic  acid. 

It  reddened  litmus  paper  in  its  common  state,  but  had  no 
effect  upon  litmus  paper  which  had  been  well  dried,  and 
which  was  immediately  dipped  into  it.  It  was  a  non-con- 
ductor of  electricity.  It  heated  when  mixed  with  water, 
and  evoh'^ed  muriatic  acid  gas.  I  consider  it  as  a  com- 
pound of  phosphorous  acid,  and  niuriaiic  acid,  both  free 
from  water  *. 

Having  failed  in  obtaining:  uncombined  muriatic  acid  in 
this  way,  I  performed  a  similar  process  w  ith  sulphur,  but 
I  was  unable  to  cause  it  to  iudame  in  oxvmnriatic  acid  gas. 
Wiicn  it  was  heated  in  it,  it  produced  an  orange-coloured 
liquid,  and  vellow  fumes  passed  into  the  neck  of  the  retort, 
which  condensed  into  a  greenish-yellow  fliiid.  By  repeat- 
edly passing  oxymuriatic  acid  through  this  fluid,  and  di- 
.stilling  it  several  times  in  the  gas,  I  rendered  it  of  a  bright 
olive-colour,  and  in  this  case  it  seemed  to  be  a  compound 
of  dry  sulphuric  and  muriatic  acid,  holding  in  solution  a 
very  little  sulphur.  When  it  was  heated  in  contact  with 
sulphur,  it  ra'pidly  dissolved  it,  and  then  became  of  a  britrht 
red  colour,  and  when  saturated  with  sulphur,  of  a  pale 
golden  colourf.  No  permanent  aeriform  fluid  was  evolved 
in  any  of  thc^e  operations,  and  no  muriatic  gas  appeared, 
unless  moisture  was  introduced. 

As  there  seemed  little  chance  of  procuring:  uncombined 
muriatic  acid,  it  v/as  desirable  to  ascertain  \\hai  would  be 
the  effects  of  potassium  upon  it  in  these  singular  com- 
pounds. 

When  potassium  was  introduced  into  the  fluid,  generated 
by  the  action  of  phosphorus  on  corrosive  sublimate,  at  first 
it  slightly  effervesced,  from  the  action  of  the  liquid  on  the 
moist  crust  of  potash  «urroundin<r  it ;  but  the  metal  soon 
appeared  perfectly  splendid,  and  swimming  on  the  surface. 
I  attempted  to  fuse  it  bv  heating  the  ffuid,  but  it  eiuered 
into  ebullition  at  a  teiT)]->erature  below  that  of  the  fusion  of 
the  potassium ;  indeed  the  mere  heat  of  the  hand  was  suffi- 
cient for  the  effect.    On  examining  the  potassium,  I  found 

*  I  attempted  to  obtain  dry  muriatic  acid  likewise  from  the  phospliuret- 
ted  muriatic  acid  of  MM.  Gay  Lussac  and  The-iard,  by  di-tilliug  it  in  re- 
torts coutainiug  oxygen  gas,  and  oxymuriatic  acid  gas.  In  tiie  lirst  case,  tfee 
retort  was  shattered  bv  the  combustion  of  tlie  phosphorus,  with  a  violent 
explosion.  In  the  second,  con:pounds,  similar  to  those  described  above, 
were  formed . 

f  All  these  substances  seem  to  be  of  the  same  nature  as  the  singular  com- 
pound, the  sulphuretted  muriatic  add,  discovered  by  Dr.  Thomson,  noticed 
before. 

that 
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that  it  was  combined  at  the  surface  with  phofphonis,  and 
gave  phosphurelted  hydrogen  by  its  opcralion  upon  water. 

I  endeavoured,  by  repeaiedly  distilling  the  fluid  from  po- 
tassium in  a  close  vessel,  to  free  it  from  phosphorus,  and 
in  this  way  I  succeeded  in  depriving  it  of  a  considerable 
quantity  of  this  substance. 

I  introduced  ten  or  twelve  drops  of  the  liquid,  which  had 
been. thus  treated,  into  a  small  plate  gla.ss  retort,  contain- 
ing six  grains  of  potassium  ;  the  retort  was  exhausted  after 
having  been  twice  filled  with  hydrogen,  theliquid  was  made 
to  boil,  and  the  retort  kept  warmtill  the  whole  !iad  dis- 
appeared as  elastic  vapour.  I'he  potassmm  was  then  heated 
by  the  point  of  a  spirit  lamp  j-itliad  scarcely  melted,  when 
it  burst  into  a  most  brilliant  iiame,  as  splendid  as  that  of 
phosphorus  in  oxygen  gas,  and  tiie  retort  was  destroyed  by 
the  rapidity  of  combustion.  . 

In  other  trials  made  upon  smalfer  quantities  after  various 
failures,  I  vvas  at  last  able  to  obtain  the  results ;  there  was 
no  proof  of  the  evolution  of  ariy^  permanent  elastic  fluid 
during  the  operation.  A  solid  mass  remained  of  a  greenish 
colour  at  the  surface,  but  dark  gray  in  the  interior.  It  was 
extremely  inflammable,  and  often  burnt  spontaneously 
•when  exposed  to  air;  when  thrown  upon. water,  it  produced 
a  violent  explosion,  with  a  smell  like  that.of  phosphuretted 
hydrogen.  In  the  residuum  .of  its  combustion  there  was 
found  muriate  of  potash,  and  phosphate  ofpotash. 

I  endeavoured  to  perform  this  experiment  in. an  iron  tube, 
hoping  that  if  the  muriatic  acid  was  decomposed  in  the 
process,  its  inflammable  clement,  potassium  and  phospho- 
rus, might  be  separated  from  each  other  bv  a  high  degree 
of  heat;  but  in  the  first  part  of  the  operation  the  action 
was  so  ir.tense,  as  lo  produce  a  destruction  of  the  apparatus, 
and  the  stop-cock  was  separated  h\nn  the  lube  with  a  loud 
detonation. 

I  heated  potassium  in  the  vapour  of  the  compound  of 
muriatic  and  phosphoric  acid  ;  but  in  this  case  the  in- 
flainn^ation  was  still  more  intense,  and  in  all  the  experi- 
ments that  I  have  hitherto  tried,  the  glass  vessels  have  been 
either  fused  or  broken  ;  the  solid  residuum  has  however  ap- 
peared to  be  of  the  same  kind  as  that  1  have  just  described. 

The  results  of  the  operation  of  the  sulphuretted  com- 
pounds containing  muriatic  acid  free  from  water  upon  po- 
tassium, are  still  more  extraordinary  than  tlK)se  of  the  phos- 
phuretted c<impounds. 

When  a  piece  of  potassium  is  introduced  into  the  sub- 
Stance  that  distils  over  during  the  action  of  healed  sulphur 

upon 
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vpon  oxvmuriatic  acid,  it  at  first  produce?  a  slight  cfiervcs- 
ceiice,  and  it  thevolumeof  the  poiassiuiu  considerably  ex- 
ceeds that  of  ihe  liquid,  it  soon  explodes  with  a  violent  rc- 
|;ort,  and  a  most  iniense  ligiit. 

.  1  have  endeavoured  to  collect  the.  results  of  this  opera- 
tion, by  causing  the  explosion  to  take  place  in  large  ex- 
hausted plate  glass  retorts  ;  but,  except  in  a  case  in  which  I 
used  only  about  a  quarter  of  a  grain.  I  never  succeeded. 
Generally  the  retort,  though  connected  with  the  air  pii-*;ip 
at  ;he  time,  was  broken  into  aioins;  and  the  explosion 
produced  by  a  grain  of  potassium,  and  an  equal  quantity  of 
the  fluid,  has  appeared  to  nie  considcr'abiv  louder  than  that 
of  a  musket.  -. 

.In  the  case  in  which  I  succeeded  in  exploding  a  quarter 
of  a  grain,  it  waf  not  possible  for  me  to  ascertain  if  anv 
gaseous  matter  was  evoKed;  but  a  solid  con?;  ound  was 
formed  of  a  verv  deep  gray  tint,  which  burnt,  lhrowin^:(;ff 
bright  scintillations,  when  gently  heated,  which  inlkm.Ld 
when  touched  with  water,  and  gave  most  brilliant  sparks, 
Jike  those  thrown  ofi'by  iron  in  oxvgen  gas. 

Its  properties  certainly  differed  from  tlmse  of  any  com- 
pound of  sulphur  and  potassiivm  that  I  have  seen:  v.hether 
it  contains  the  muriatic  basis  must  however  be  still  a  mat- 
ter of  inquiry. 

,,  There  i?,  however,  much  reason  for  supposing,  that  in 
the  singular  phisnomena  of  inflammation  and  uttonalion 
.that  have  beei;  described,  the  muriatic  acid  cannot  be  en- 
tirely passive  :  and  it  does  not  seem  -.mlair  to  infer,  that 
the  transfer  of  its  oxygen  and  the  production  of  a  novel 
substance,  are  connected  with  such  effects,  and  that  the 
highly  inflanm^.ahle  nature  of  the  new  compounds,  partly 
depends  upon  this  circumstance,  I  am  still  pursuing  the 
inquitv,  and  I  shall  not  fail  immcriiateiy  t(i  comniuuicale 
to  the  Society,  such  results  as  may  appear  to  me  worthy  of 
their  attention. 

JX.   Some  general  OLservations.  with  ExperimerUs. 

An  experiment  has  been  lately  published,  which  appeared 
so  immediately  connected  with  the  discussion  entered  inti> 
in  the  second  section  of  this  Paper,  that  I  repeated  it  with 
much  eanicstness. 

In  Mr.  Nicholson's  Journal  for  December,  Dr.  Wood- 
house  has  given  an  account  of  a  process,  in  vvhich  the  ac- 
tion of  water  caust:d  the  inflammation  of  a  mixture  of  four 
parts  of  charcoal  and   on^  of  the  pearlash  that  had  been 
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stronglv  ignited  together,  and  the  emission  of  ammonia 
from  them.  1  thought  it  possible,  that  in  this  case  a  sub- 
stance might  be  formed  similar  to  the  residuum  described 
in  page  487  (Philosophical  Magazine,  vol.  xxxiii.) ;  but  by 
cooling  the  mixture  out  of  the  contact  of  nitrogen,  1  found 
that  no  ammonia  was  formed ;  and  this  substance  evi- 
dently owed  its  existence  to  ilie  absorption  of  atmospherical 
air  by  the  charcoal*. 

The  experiments  that  I  have  detailed  on  the  acids,  offer 
some  new  views  with  respect  to  the  nature  of  acidity.  That 
a  compound  of  muriatic  acid  with  oxide  of  tin  or  phospho- 
rus sliould  redden  vegetable  blues,  might  be  ascribed  to  a 
species  of  neutralization,  by  the  oxide  or  inflammable  body; 
but  the  same  reasoning  will  not  apply  to  the  dry  compounds 
which  contain  acid  matter  only,  and  which  are  precisely 
similar  as  to  this  quality.  Let  a  piece  of  dry  and  warm 
litmus  paper  be  moistened  with  the  compound  of  muriatic 
and  phosphorous  acid,  it  perfectly  retains  its  colour.  Let  it 
then  be  placed  upon  a  piece  of  moistened  litmus  paper,  it 
instantly  becomes  of  a  bright  red,  heats  and  develops  mu- 
riatic acid  gas. 

All  the  fluid  acids  that  contain  water  are  excellent  con- 
ductors of  electricity,  in  the  class  called  that  of  imperfect 
conductors ;  but  the  compounds  to  which  I  have  just  al- 
luded, are  non-conductors  in  the  same  degree  as  oils,  with 
which  they  are  perfectly  miscible.  When  1  first  examined 
muriatic  acid,  in  its  combinations  free  fr(<m  moisture,  I 
had  orreat  hopes  of  decomposing  them  by  electricity ;  but 
there  was  no  action  without  contact  of  the  wires,  and  the 
spark  seemed  to  separate  no  one  of  their  constituents,  but 
only  to  render  them  gaseous.  The  circumstance  likewise 
applies  to  the  boracic  acid,  which  is  a  good  conductor  as 
long  as  it  contains  water;  but  which,  when  freed  from 
water  and  made  fluid  by  heat,  is  then  a  non-conductor. 

*  Polish  or  pearlash  is  easily  decomposed  by  the  combined  attractions  of 
charcoal  and  iron;  but  It  is  not  decomposable  by  charcoal,  or,  when  per- 
fectly dry,  by  iron  alone.  Two  combustible  bodies  seem  to  be  recjuired  by 
their  combined  affinities  for  the  effect ;  thus  in  tlie  experiment  with  the  gun 
barrel,  iron  and  hydrogen  are  concerned.  I  consider  Hombero;'s  pyro- 
phorus  as  a  triple  compound  of  potassium,  sulphur,  and  charcoal;  and  in 
this  ancient  process,  the  potash  is  probably  decomposed  by  two  alfinities. 
The  substance  is  perfectly  imitated  by  heating  together  ten  parts  of  thar- 
coal,  two  of  potassium,  and  one  of  sulphur. 

When  I  first  showed  the  production  of  pota.ssium  to  Dr.  Wollastonin  Oc- 
tober 1807,  he  stated,  that  this  new  fact  induced  him  to  conceive  that  the 
action  of  potash  upon  platina,  was  owing  to  the  formation  of  potassium,  and 
proposed  it,  as  a  matter  of  research,  whether  the  alkali  might  not  be  de- 
composed by  the  joint  action  of  platina  and  charcoal. 
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.  The  alkalies  and  the  earthy  compounds,  and  the  oxides, 
as  dry  as  we  can  obtain  them,  thouiih  non-conductors  when 
solid,  are,  on  the  contrary,  ail  conductors  when  rendered 
fluid  by  heat. 

When  muriatic  acid,  existing  in  combination  with  phos- 
phorus or  pho?phoric  acid,  is  rendered  caseous  bv  the  ac- 
tion of  water,  the  quantity  of  this  fluid  that  disappears,  at 
least  equals  from  one- third  to  two-fifihs  of  the  wciiiht  of 
the  acid  gas  produced  ;  a  circumstance  that  agrees  with  the 
indications  given  by  the  action  ot"  potassium. 

I  attempted  to  procure  a  com{)ound  of  dry  muriatic  and 
carbonic  acids,  hoping  that  it  might  be  gaseous,  and  that 
the  two  acids  miaht  be  decomposable  at  the  same  time  by 
potassium.  The  process  that  I  emplovcd  was  by  passing 
corrosive  sublimate  in  vapour  through  charcOval  igmted  to 
whiteness ;  but  I  obtained  a  very  small  quantity  of  gas, 
which  seemed  to  be  n  mixture  of  common  muriatic  acid  gas 
and  carbonic  acid  gas ;  a  verv  minute  portion  of  running 
mercury  only  was  obtained,  bv  a  long  continuation  of  the 
process  ;  and  the  slight  decomposition  that  did  take  place, 
I  am  inclined  to  attribute  to  the  production  of  water,  by 
the  action  of  the  hydrogen  of  the  charcoal  upon  the  oxygea 
of  the  oxide  of  mercurv  *. 

In  mixing  muriatic  acid  gas  with  carbonic  acid,  or  oxy- 
gen, or  hydrogen,  the  gases  being  in  their  common  states, 
as  to  moisture,  there  was  always  a  cloudiness  produced  ; 
doubtless  owing  to  the  attraction  of  their  water  to  form 
liquid  muriatic  acid. 

On  fluoric  acid  gas  no  such  effect  was  occasioned.  This 
fact,  at  first  view,  might  be  supposed  to  show,  that  the 
hydrogen  evolved  by  the  action  of  potassium  upon  fluoric 
acid  gas,  is  owing  to  water  in  actual  combination  with  it, 
like  that  in  muriatic  acid  gas,  and  which  may  be  essential 
to  its  elastic  state  ;  but  it  is  more  probable,  from  the  small- 
iiess  of  the  quantity,  and  from  the  difl'ercnce  of  the  quan- 
tity in  different  cases,  that  the  moisture  is  merely  in  that 
state  of  diffusion  or  solution  in  which  it  exists  in  gases  in 
general,  thoiKrh  from  the  disposition  of  water  to  be  depo- 
sited in  this  acid  gas  in  the  form  of  an  acid  solution, 
it  must  be  eilhtr  less  in  quantity,  or  in  a  less  free  state,  so 

*  These  facts  and  the  other  facts  of  the  sanie  kind,  explain  the  difficulty 
C'f  the  decomposition  of  the  metallic  muriates  in  common  processes  of  metal- 
lurgy. They  likewise  explain  other  phxnomeua  in  the  agencies  of  muriatic 
salts.  In  all  cases  when  h  muriatic  salt  is  decomposed  bv  an  acid,  and  mu*- 
.riatic  acid  gas  set  free,  there  appears  to  be  a  double  a3xnity,  that  of  the  acid 
•  for  the  basis,  and  of  the  muriatic  acid  for  water  ;  pure  muriatic  acid  does 
not  ;eem  capable  of  being  displaced  by  any  other  acid- 
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as  to  require  for  its  exhibition  much   more  delicate  hygra- 
metrical  tests. 

The  facts  advanced  in  this  lecture,  afTord  no  new  argu- 
ment"? in  iavour  of  an  idea  to  which  I  refeired  in  my  last 
coinmunication  to  the  Society, , that  of  hydrogen  being  a 
eonunon  principle  in  all  inflammable  bodies  ;  and  except  iu 
instances  which  are  still  under  investigation,  and  concern^ 
ing  which  no  precise  conclusions  can  as  yet  be  drawn,  the 
generalization  of  Lavoisier  happily  applies  to  the  explana- 
tion of  all  the  new  phaenomena. 

In  proportion  as  progress  is  made  towards  the  knowledge 
of  pure  combustible  bases,  so  in  proportion  is  the  nunihci- 
of  metal'ic  substances  increased  ;  and  it  is  probable  that 
sivlphur  and  phosphorus,  could  they  be  peri'ectly  deprived 
©f  oxygen,  would  belong  to  this  class  (.f  bodies.  Possibly 
their  pure  elementary  matter  may  be  procured  by  distilla- 
tion, at  a  high  heat,  from  nietallic  allovs,  in  which  they 
have  been  acted  upon  by  sodium  or  potassium*.  I  hope  soon 
to  be  able  to  trv  this  experiment. 

As  our  inquiries  at  present  stand,  the  great  general  di- 
Tision  of  iratural  bodies  is  into  mafler  which  i*,  or  n)ay  be 
siipposid  to  be,  metallic,  and  oxygen  ;  but  tii!  the  problem 
concerning  the  nature  of  nitrogen  is  fully  solved,  tall  syste- 
matic arrangements  made  upon  this  idea  must  be  regarded 
as  premature. 

Explanation  of  the  Figures. 

Fig.  1.  The  retort  of  plate  glass  for  heating  potassium 
ill  gases. 

Fio-.  2.  The  tray  of  platina  for  receiving  the  potassium. 

Fig.  3.  The  platina  tube  for  receiving  the  tray  in  experi- 
ments of  distillation. 

'  Fiy,-.  4.  The  apparatus  for   taking  the  Voltaic  spark  in 
Sulphur  and  phosplrorus. 


XXV IT.  On  the  Causes  ivhich  hire  operated  in  t/ie  Produc- 
tion of  FaUei/s.  By  John  Carb,  jEigr.,  of  Mandiester. 
—No.  Ill, 

To  Mr.  Tilloch. 

SfK,  It  was  not  my  intention  to  have  intruded  again  intm 
\our  very  respectable  journal,  wh.erein,  indeed,  1  lirst  inci- 
dentally aj)peared,  solely  with  a  view  of  showing,  in  oppo- 
sition to  some  hypothetical  notions,  that  moving  water  has 
been,  and  yet  continues  to  be,  the  great  and  general  agent 
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of  mobility  of  all  the  loose  material*  of  oup  earth  ;  and  that 
instead  of  •  wandering  out  of  Nature  after  hypothetical 
senignias,  to  ex'jjlaii>  tbe  miglity  chariges  which  the  exterior 
and  interior  of  our  globe  have  every  where  undergone,  we 
have  only  to  apprecmte,  justly,  the  incessant,  varied,  and 
powerful  action  of  that  fltiid,  in  order  to  obtain  the  most 
rational,  simple,  and  natural  elucidation  of  all  the  general 
and  principal  phenomena  in  geology.  That  branch  of  the 
subject,  however,  which  relates  to  the  action  of  fresh  water 
streams  florvlng  over  unequal  and  inclined  surfaces  having 
experienced  direct  and  decided  opposition,  1  must  again  so- 
licit the  use  of  a, few  pages^in  your  valuable  reposliorv. 

The  objection?,  indeed,  to  which  I  allude,  are  hardly 
entitled  to  any  reply;  for  they  in  no  respect  invalidate,  and 
scarcely  at  all  advert  to,  the  general  question  on  its  own 
broad  basis,  or  meet  the  vast  chain  of  general  and  harmo- 
nizing facts,  upon  which  the  whole  merits  of  the  case  hinQ:o. 

These  were  expressly  staled  to  be  : — the  elevated  situation 
of  the  sources  and  springheads  of  all  streams,  which  o;ives 
them  an  easy  and  natural  flow  over  the  countries  out  of 
which  all  valleys  have  been  excavated, — the  most  important 
and  material  fact  in  the  whole  question  ; — the  present  slopes 
at  the  lower  ends-of  njost  valleys,  where  the  streams  must 
originally**have  had,  a  fall  corresponding  with  the  pre- 
sent depths  of  the  valleys; — the  mechanically  abradmg 
forces  of  the  streams  at  these  falls,  and  which  are  am_ply 
sufficient,  with  theoccasi-onal  aid  of  flooded  torrents,  to 
have  effected  the  excavation  of  the  valleys; — the  obvious 
certainty  that,  were  the  valleys  again  filled  up,  the  streams 
would  siill  continue  to  flow  in  nearly  their  present  direc- 
tions, tbrmin-g  in  that  ease  a  succession  of  lakes  and  water- 
falls, simiVar  to  \Nhat  luust  have  existed  before  the  valleys 
were  excavated  ; — th«t  at  the  falls,  j^roduced  by  the  fillinr'' 
up  of  the  valleys,  the  streams  would  imiTiediateJy  com- 
mence the  excavation  of  other  valleys,  in  all  respects  similar 
to  those  of  our  present  ones  ;  and,  in  fincj.  that  the  streams 
themselves  are  the-only  agents  in  nature  that  can  possibly 
have  accomplished  such  a  system  of  uniform  effects  as  ex- 
cavated valleys,  display  throughout  every  country. 

It  was  added,  that  all  the  exisling  pluenomena,  in  the 
present  courses  of  streams^  strictly  correspond  with  the  fore-;, 
going  order  of  things; — namely,  the  present  diiection  of 
valleys/which  every  where  so  regularly  falls  in  withthe na- 
tural descent  of  the  country,  precisely  as  the  streams  must 
originally  have  done  before  the  valleys  were  excavated,  and 
would  do  again   were. they  again  filled  up; — the  unbroken, 
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chain  of  alhivi;i  which,  maugrc  Mr.  Farcy's  denial,  docs  now 
actually  accompany  the  course  of  every  stream  from  its 
source  to  its  termination,  and  which  constantly  correspond;* 
with  the  strata  traversed  by  the  streanis-; — the  innumerable 
intersections  of  valleys  at  the  confluence  of  streams,  in 
angles  governed  strictly  by  the  general  fail  of  the  country, 
uiid  the  uniform  levels  on  which  these  frequent  intersections 
of  viilleys  and  streams  n-.eet; — evincing  with  all  tlie  preci- 
sion of  mathematical  demonstration,  that  such  a  niulti- 
tudinous  unison  of  effects  over  the  whole  surface  of  the 
globe  cannot  possibly  be  referred  to  any  other  natural  causo 
than  the  simple,  obvious,  and  necessary  opeiation  of  the 
streams  themselves. 

These  were  the  clear,  precise,  and  definite  dalaon  which 
I  resFed  the  proof  of  the  streams  having  every  where  exca- 
vated their  ov/n  valleys.  The  references  and  the  reasoning 
were  necessarily  general,  because  the  question  itscif  is  one 
of  the  most  general  that  can  be  agitated,  including  the  ex- 
cavated vales  in  the  course  of  every  stream  throughout  every 
country;  and  yet  this  wid..ly  extended  case,  Mr.  Farey 
would  have  to  be  delernrmed  bv  the  datum  of  a  solitary 
valley,  or  a  local  spot :  and  by  frittering  the  natural  niagni- 
tude  of  the  question  down  to  the  subordinate  and  pimv 
case  of  what  has  become  of  the  excavated  materiarls.  Now 
admitting,  in  its  fullest  extent,  all  that  Mr.  Farev  has  ad- 
vanced on  this  latter  head,  what  would  liie  whole  infer, 
bu:  either  that  the  valleys  have  never  been  excavated  at  all, 
or  that  the  materials  carried  off  have  been  removed  to  situa- 
tions and  distances  where  we  can  no  longer  trace  them  ?  So 
strongly  incongruons  and  unphilosophical  are  many  of  his 
notion*?  of  valleys,  that,  probably  enough,  he  may  deny  the 
excavations  altogether,  although  there  does  not  exist  a 
quarry  or  gravel  pit  in  the  kingdom,  that  bears  more  un- 
equivocal indications  of  excavation  than  do  our  numerous 
ranges  of  valleys.  But,  on  the  other  hand,  if  Mr.  Farey 
admits  of  the  excavation  of  valleys,  in  that  admission 
he  fully  accedes  to  the  removal  of  the  missing  materials  : 
and  by  what  practical  or  even  possiole  direction  will  he 
contrive  to  carry  them  off,  other  tlian  downwards  in 
the  same  direction  with  the  streanis,  where,  however,  he 
so  obdurately  denies  they  have  ever  travelled  ?  His  arowai 
that  he  is  proud  to  repeat  his  belief  in  the  probability,  that 
vallcvs  have  been  purposely,  and  specially  formed  for  the 
streams  which  now  tiow  through  them,  and  that  it  is  en- 
gaging much  of  his  attention,  really  surprises  me.  That 
the  channel  of  a  canal  has  been  purposely  and  specially 
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formed  for  t1ie  water  afterwards  let  into  it   we  well   know, 
and  we  a!:?!)  know  by  what  means  the   work   has  been  ac- 
complished; but  what  are   the   wonderful   and   never-yet- 
imagined  means  bv  which  Mr.  Fartv  will  contrive  to  effect 
the  excavation  of  thousands,  I  had  ahiiost  saiti  millions,  of 
uniform  valleys,  expressly  f(jr,  and  previous  to,  the  streams 
being  let  into  them?  That  he  never  can  discover  and  apply 
any  natural  agency  equal  and  applicable,  in  the  remotest 
degree,  to  so  extensive  and  uniiorm  a  task,  is  unquestionable, 
and  \i  super  natural  agency  be  in  his  contemplation,   1  must 
decljne  following  him  into  such  a  region.     But  what  is  tlie 
cogont  reason  which  Mr.  Farev  thinks  is  sufficient  to  justify 
his  broaching  so  strange  a  hvpoihesis?     He  has  discovered 
a  few  excavated  vales,  on   heights   where   no   streams  now 
flow:  and  their  existence  he  deems  sufficient  to  throw  into 
utter  obscurity   the   origin  ot  all  other  excavated  valleys. 
Now,  though  the^e  few  elevated  vdes  are  out  of  the  reacli 
of  either  present  or   former  streams,  does  it  thence  follow 
that  ihev  are  also  out  of  the  rt-ach  ot  ram,  torrents,  or  even 
of  those  water-spo!jts  which  Mr.  Farey  pours  down  on  an- 
other occasion,    when   tlieir  aid    was   qmte  unnecessary  ? 
Has  Mr.  Farey  never  heard  of  the  vast  and  prohmnd  chasms 
in  the  mountainous  tracts  of  the  torrid  zone,  and  which  are 
nothing  but  excavations  produced  by  the  temporary  torrents 
during  the  rainy  season  ?     And   has   he  not  seen  innume- 
rable excavations,   though  on  a  far  less   scale,  in  the  hilly 
districts  of  our  own  country,  also  evidently  the  produce  of 
occasional  rainy  torrents  ?     For  what   other   purpose   then 
can  a  few  such  paltry  instances  be  held  out,  but  to  darken 
and  obscure  the  true  stale  of  the  general  question  of  exca- 
vation } 

But  to  return  to  the  subject  of  the  missing  materials. 
Mr,  Farey  is  daily  in  the  habit  of  treading  on  travelled 
matter  without  kno^in^r  from  whence  it  has  been  broucrhti 
and  of  observing  other  spots  from  which  inunense  masses 
of  matter  are  missing,  without  being  able  to  form  a  con- 
jecture as  to  where  they  have  been  carried  ;  and  these  facta 
of  finding  and  missing  removed  matter,  without  any  trace 
from  whence,  or  to  whiihcr,  it  has  been  transported,  are 
amongst  the  most  familiar  of  geological  phaenomena,  nor 
is  there  any  practical  or  probable  agent  in  Nature  for  alt  this 
univers'al  tossing  and  shitting  but  ivater :  yet  because  Mr. 
Farey  cannot  satisfy  himself  as  to  the  precise  identity  and 
present  situation  of  the  comparatively  trivial  portion  of 
TTiailer  carried  a'A'ay  from  excavated  vales,  he  thinks  that 
circumstance  alone  sufficient  to  justify  an  unlimited  denial 
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that  the  streams,  the  only  visible  and  conceivable  agents 
tor  such  a  work,  can  have  had  any  share  in  the  excavation 
and  transportation  of  the  missing  materials.  He  has,  how- 
ever, in  his  first  paper,  somewhat  ungroundedly  admitted, 
that  he  had  discovered  a  little  of  the  alluvia  carried  down 
by  streams  and  brooks,  adding,  indeed,  as  a  suitable  quali- 
fication, that  thev  are  found  so  near  to  the  currents  as  to 
be  naturally  enough  referred  to  torrents  which  hurry  through 
the  valleys  in  ordmary  rains.  It  is  very  unusual  to  find 
Mr.  Farcy  treading  on  such  natural  ground  as  this  ;  and 
accordingly,  as  if  uneasy  in  his  new  situation,  he  instantly 
couples  with  these  natural  torrents,  imaginary  waterspouts, 
to  assist  in  carrying  down  the  few  basketfuls  of  alluvial  ma- 
terials which,  so  unluckily  for  his  own  system,  he  had 
stumbled  upon. 

Even  allowing  Mr.  Farey  his  own  way,  in  calling  this 
quantity  which  he  has  discovered  onlv  the  thousandth  part 
of  the  whole,  I  should  still  imagine  that  rain  and  torrents 
were  quite  as  efficacious  in  their  powers  of  transportation  at 
the  time  the  valleys  were  excavating,  as  now  ;  and  indeed, 
they  certainly  were  much  more  so  ;  as  the  numerous  falls 
which  must  then  have  existed,  would  add  greatly  to  the 
abradincr  forces  of  the  currents;  and  1  also  think,  that 
where  we  now  find  a  portion,  though  it  were  only  a  thou- 
sandth part,  actuallv  lodged  where  it  must  have  been  brought 
down  by  the  stream,  it  will  be  to  every  one  but  Mr.  Farey 
himself,  a  rational  conclusion,  that  the  rest,  however  con- 
siderable, has  travelled  oft'  in  the  same  direction  ;  and  that 
the  portion  left  for  our  inspection  is  satisfactory  evidence  of 
the  oilier  portion  having;  also  passed  downwards,  but  be- 
yond the  limits  of  our  furlher  tracing,  into  the  great  recep- 
tacle of  all — the  ocean. 

But  all  this  cavilling  about  what  has  become  of  the  ex- 
cavated materials,  is  mere  quibbling  on  a  subordinate  fact, 
which,  however  it  may  be  disposed  of,  will  still  leave  the 
great  and  general  question  of  excavation  and  its  agents  un- 
determined ;  and  even  iliis  fact,  to  any  impartial  and  com- 
petent person,  who  uill  take  the  trouble  of  verifying  it, 
will  be  found  most  tuhslantiallv  as  T  before  represented  it. 
I  have  never  vet  iuspeeted  a  tlat  traversed  by  the  serpentine 
windings  of  a  stream,  without  finding  every  part  of  the 
channel  cut,  in  many  instances  to  a  considerable  depth, 
through  alluvia  corresponding  with  the  strata  higher  up  the 
stream  :  and  not  only  the  whole  of  the  flat,  but  also  up  to 
certain  heiglits  on  the  surrounding  eminences,  abounded 
with  the  same  transported  matters.    In  truth,  the  universal 
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dissemination  of  alluvia  along  the  channels  and  vicinities  of 
streams  is  as  evident  and  palj^able  as  the  streams  themselves. 
The  immense  beds  'Ahich  Jornuhe  aestnaries,  and  siill  more 
the  deltas  ot  large  r'rvers,  at  their  entrances  into  the  ocean,  ' 
are  all  formations  from  matter  that  has  travelled  down  the 
respective  streams,  and  vet  in  all  prul)abilitv  these  enormous 
quantities  bear  no  proportion  to  those  which  have  passed 
on  into  the  sea. 

At  the  mouthsof  the  Rhine  and  Scheldt,  v.-herc  the  public 
attention  is  at  this  time  so  inteicstingly  engaged,  whole 
and  very  exter.sive  countries  liave  been  Formed,  from  the 
alluvia  broDght  down  bv  these  rivers  ;  and  everv  oilier  river 
on  the  globe  afl'ords  the  most  unequivocal  evidence  of  the 
vast  masses  of  earthy  and  stony  mailer  which  have  travel- 
led down  its  waters.  Every  brook  swoln  with  rain,  and 
every  stream  occasionally  flooded  with  ten  times  its  usual 
proportion  of  water,  surcharged  to  such  an  excess,  with 
muddy  materials,  as  frequently  to  smother  multitudes  of 
fish  in  their  natural  element,  are  all  facts  which  are  con- 
tinually presenting  themselves  to  our  senses  ;  and  vet,  if 
Mr.  Farey  is  to  be  our  guide,  all  these  are  palpable  decej)- 
tions:  the  carrying  power  of  streams  is  all  absurdity,  and 
all  the  endless  masses  of  alluvia  which  every  where  accom- 
pany flowing  water,  have  dropt  from  the  moon,  or  travelled 
up  the  streams  from  the  sea,  but  can  never  have  found 
their  way  by  so  easy  and  natural  a  course  a?  down  them. 

Mr.  Farey  cannot  discover  any  where  in  the  course  of  the 
streams,  the  bottoms  of  ancient  lakes,  as  described  in  mv 
former  paper ;  but  that  I  consider  as  a  mere  play  on  the 
word  lake,  for  he  dots  not  assert  that  the  flats  v.hich  he 
has  inspected  do  not  abound  with  alluvia,  but  on.ly  that 
they  have  not,  in  his  opinion,  been  the  site  of  former  lakes. 
If  Mr.  Farey  will  deny  that  the  flats  traversed  by  streams 
do  abound  with  alluvial  matters,  our  veracities  will  then  be 
at  issue,  not  on  a  matter  of  opinion,  but  of  fiict.  I  j^ave  a 
very  simple  rule  for  ascertaining  where  lakes  formerly  ex- 
isted, and  had  it  contained  any  fallacy,  its  refutation  would 
have  been  easy.  It  was  to  suppose  the  present  valleys  filled 
up,  the  streams  still  continuing  to  flow,  and  then  to  ob- 
serve where  the  water  would  accumulate  into  a  lake,  and 
on  that  spot  alluvia  and  every  other  indication  of  a  former 
lake  would  now  be  formed. 

Mr.  Farey  also  speaks  of  having  locked  for  the  beds  of 
former  lakes  in  the  valleys,  where  no  one  would  imagine 
they  ever  could  have  existed.     It  was  on   tjje  flats  and  in 
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the  hollow  immediately  above  a  vallev,  where  I  expressly 
limited  their  former  existence.  Mr.  Farey  also  thinks  the 
Cumberland  and  Westmoreland  lakes,  not  having  given 
way  and  become  valleys  (an  absurdity  1  never  imagined, — 
flats,  and  not  valleys,  are  what  I  have  supposed  former  lakes 
to  have  left,)  afford  strong  presumption,  that  my  notions  on 
the  subject  are  erroneous;  but  he  ought  to  have  known 
that  there  are  two  distinct  natural  processes  by  which  lakes 
may  become  exhausted.  The  one  is  where  the  stream, 
leaving  the  lake,  has  a  sufficient  fall  over  yielding  strata  to 
effect  the  excavation  of  a  valley  back  into  the  lake.  The 
other  is  where  the  stream  flowing  into  the  lake  brings 
down  alluvia  sufficient  in  time  to  till  it  up.  In  general  both 
of  those  operations  are  in  action  at  the  same  time,  and  that 
was  strictly  the  case  with  the  lakes  which  I  described  as 
having  existed  in  the  course  of  streams.  There  are  also 
two  distinct  circumstances  which  may  prolong  the  existence 
of  lakes.  The  one  is  where  the  fall  in  the  stream  leaving 
the  lake  is  too  inconsiderable  either  to  give  the  necessary 
force  to  the  descending  power  of  the  stream,  or  to  admit 
of  its  cutting  a  channel  backwards  sufficiently  deep  for  the 
discharge  of  the  lake.  The  other  is  where,  with  a  suffi- 
ciency of  fallj  the  stream  is  crossed  by  a  stratum  of  indu- 
rated rock,  so  durable  as  effectually  to  resist  the  abrading 
forces  of  the  stream.  The  former  is  the  case  with  several 
of  the  principal  Scotch  lakes,  which  are  situated  near  to, 
and  but  little  above,  the  level  of  the  sea.  The  latter  is  the 
case  with  almost  all  the  numerous  lakes  in  Canada,  where 
the  many  magnificent  falls,  on  the  same  streams,  and  al- 
ways below  the  lakes,  incontrovertiby  point  out  the  cause 
which  has  preserved  the  lakes. 

Mr.  Farey  asserts,  that  "  it  is  bv  no  means  a  general 
truth,  that,  if  the  matters  removed  from  the  strata  to  form 
valleys  were  replaced,  there  would  still  be  a  sufficient  fall 
in  the  country  for  the  streams  to  flow  the  same  way."  I 
certainly  never  meant,  noi*  could  any  one  understand  me 
to  mean,  that  the  streams  would  flow  over  precisely  the 
identical  channels  which  thev  now  do,  but  in  nearly  the 
same  way  or  direction  ;  and  1  conceive,  that  when  a  very 
great  majority  of  the  instances  in  a  case  are  similar,  that 
similarity  constitutes  a  general  truth.  Now  out  of  the  many 
hundred  streams  which  Mr.  Farev  has  seen,  he  points  out 
two  soJitary  instances  only,  as  diff"cring  from  my  descrip- 
tion 3  adding,  indeed,  that  other  instances  are  very  nume- 
rous, and  that  J  shall  be  forced  to  admit  that  exca\^ted 
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vales  do  not  ahunys  follow  the  lowest  ground  ;  that  id,  the 
natural  fall  of  the  countrv.  This  looks  like  a  mere  quibble 
An  the  word  always.  My  expression  was,  "  that  we  may 
always  be  assured  that  the  <:ourse  which  the  stream  has 
taken  is  the  lowest  descent  of  the  country  in  that  direction." 
nor  do  I  conceive  it  posjibie  to  slate  a  more  correct,  or  a 
more  widely  extended  general  truth.  T\\^t  general  direction 
of  excavated  valleys  and  iheir  streams  is,  indeed,  univer- 
sally along  with  the  common  fall  of  the  countrv  :  and  it  is 
a  most  important  fact  in  the  main  question,  for  it  lioih  il- 
lustrates and  confirms  the  excavation  of  the  vales  by  streams; 
seeing  that  the  excavation  has  continually  proceeded  in  the 
same  direction  with  the  natural  fall  of  the  country,  and, 
consequently,  with  the  original  course  of  the  streams.  In- 
deed, so  substantially  true  is  the  proposition  which  I  ad- 
vanced, and  which  Mr.  Farey  finds  it  so  necessary  to  \\\i 
purpose  to  deny,  that  there  is  an  absolute  physical  impos- 
sibility of  streams,  when  left  to  themselves,  flowing  in  any 
other  direction  than  the  lowest  fall  of  the  country  over 
which  they  have  to  flow.  To  suppose  otherwise,  would 
require  them  either  to  ascend,  or  instinctively  to  avoid  de- 
scending, in  some  parts  of  their  course. 

Mr.  Farey  also  asserts,  "  neither  is  it  true  that,  in  every 
instance,  the  angle  of  intersection  of  valleys  and  streams 
is  acute  above  and  obtuse  below,  or  that  two  streams  inva- 
riably meet  on  precisely  the  same  level."  Here,  aeain,  if 
the  denials  have  any  meanins;  at  all,  it  is  mere  quilibling 
on  the  words  in  italics.  Has  Mr,  Farey  ever  seen  an  in- 
stance where  the  intersections  spoken  of  occurred  with 
angles  acute  below  and  obtuse  above :  that  is,  where  the 
streams  coalesced  by  meeting  each  other'  Or  where  has 
he  seen,  at  the  continence  of  two  streams,  the  one  falhng 
from  a  height  into  the  other  ?  And  yet,  if  he  has  seen  both, 
and  that  very  frequently  too,  what  nuist  I  tiiink  of  his  con- 
cealingj  some  of  the  most  material  general  "truths  in  the 
question  ^  He  may,  indeed,  have  seen,  and  I  suppose  they 
-are  what  he  alludes  to,  a  few  instances  of  a  trivial  rill 
trickling  over  a  bank,  at  right  angles  into  a  stream;  but 
would  he  balance  such  instances  against  those  lo  which  I 
referred,  and  which  are  as  numeroufcly  dissenr.natcd  over 
this  and  every  other  country  as  are  the  streams  themselves? 
The  truth  assuredly  i^,  that  these  objections  were  con- 
vetiient  for  putting  aside  a  string  of  general  facts  and  rea- 
soninji,  wiiich  the  most  ingenious  and  artful  hypothesist, 
who  denies  the  action  of  the  streams,  dares  not  either  di- 
fectly  oppose  or  venture  to  illustrate,  by  fairly  meeting  the 
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practical  facts  in  the  general  qi<esti(>n.  And,  notwith- 
sianding  all  Mr.  rarey's  denial,  tor  he  has  vet  oflered  no- 
thinir  in  the  way  r)t'  argument,  it  is  a  i-eueral  truth  diflused, 
over  the  whole  surface  ol:'  the  ulobe  that  excavated  valleys 
anU  then-  sticanis  do  coincide  in  their  direction  with  the 
natural  tail  ot  the  counirvi  and  do  intersict  ai  angles  also 
corresponding  with  th.ai  tall,  and  at  cori,es))Oiidnii>;  levels  j 
and  while  this  vast  unison  ot"  efl'ects  absolutely  demonstrates 
the  action  ot  the  streams  as  its  natural  cause,  it  is  utterly 
and  altogether  inexplicable  by  any  other  natural  process  or 
operation. 

Hence  it  is,  that  Mr.  Farey  has  never  yet  ventured  to 
hint  at  what  he  (items  ihe  natural  cause  of  the  excavation 
of  vales;  and  with  a  iarcer  portion  ot'that  eonlldeiice  whic)l 
he  condemns,  and  whieh,  without  havimi;  iruih  on  its  side» 
would,  mdeed,  be  "tlie  extreme  of  absurdity,  1  venture  to 
pronounce  his  entire  incapacity  lo  afford  any  probable  solu- 
tion of  those  extensive  general  truths — the  elevated  situa- 
tion of  the  spring-headr- — the  common  diicction  of  the 
vales  and  streams  with  the  fall  ol'  the  country — and  iheir 
iinilorm  intersections  and  levels.  He  coiiimitted  himself 
in  the  first  instance  by  denying  the  action  oi  the  streams, 
and  in  doing  so  he  has  completely  shut  himseU  out  from 
the  question,  and  is  now  utterly  unable  to  advance  a  single 
step  tovvards  its  elucidation. 

Hitlierto  Mr.  Farey  has  only  tried  to  extinguish  the  lights 
held  up,  and  endeavoured  lo  throw  the  general  question 
into  utter  darkness,  by  balancing  petty  and  puiiy  excep- 
tions against  a  more  extensive  chain  of  general  and  har- 
inonizing  facts  than  are  to  be  met  with  in  any  o.ther  portion 
of  geology  ;  and  it  is  this  spirit  of  altercation  working  only 
to  conceal  and  obscure,  instead  of  entering  with  fair  views 
into  the  just  merits  of  the  general  case,  that  has  eonsirained 
me  to  speak  so  stronsjly  as  I  have  done.  I  was^  and  am 
still,  disposed  to  think  very  highly  of  Mr.  Farey,  as  an 
exceedingly  acute,  intelligent,  and  industrious  observer; 
but  every  thing  he  has  yet  said  on  the  subject  of  valleys 
proves  how  justly  I  appreciated  his  talents  as  an  investigator 
of  natural  causes.  ' 

The  only  obscurity,  I  am  well  convinced,  which  hangs 
over  the  natural  excavation  of  valleys,  arises  from  not  duly 
estiiTiating  the  mechanical  action  of  water  when  rapidly 
descendiiig  a  declivity  over  the  ordinary  materials  ot  our 
earth.  There  is  not,  perhaps,  a  mountain  on  the  globe, 
whieh  a  stream  of  water  w  ill  noi  eut  in  two,  allowing  it 
pnly  a  sufficient  fall,  aiid  a  sufficiency  of  time:  two  cir- 
cumstances 
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cnmstances  which  have  universally  existed  in  the  excavation 
of  vales.  In  the  mountainous  districts  of  the  tropical  re- 
gions, gullies  and  ravines  are  frequently  cut,  to  a  va9t 
depth,  through  the  hardest  rock,  merely  by  the  temporary 
torrents  which  descend  during  the  rainy  season;  and  similar 
effects^  but  of  far  less  magnitude,  may  be  every  where  seen 
in  the  hiliv  districts  of  our  own  country.  And  even  the 
bursting  of  a  canal  through  its  banks,  or  the  overflowing 
of  a  flooded  river  into  a  new  tract,  will  otlen,  in  a  few 
hours,  effect  astonishing  excavations,  and  carry  away 
amazing  portions  of  matter.  Extensive  meadows  in  this 
■neighbourhood  have  been  covered  several  feet  in  depth, 
with  sand  and  other  alluvia  brought  down  by  the  Mersey 
in  a  single  night.  But  ii  is  really  painful  to  be  compelled 
to  refer  to  such  ordinary  occurrences  in  support  of  so  ob- 
vious a  fact,  as  that  a  stream  of  water,  falhng  over  a  decli- 
vity, will  there  efi'ect  an  excavation  proportional  to  the 
height  of  the  fall,  and  the  yielding  nature  of  the  strata. 

Now  if  we  consider  that  the  sources  and  spring-heads  of 
all  streams,  without  perhaps  an  exception  of  one  instance 
in  a  thousand,  and  that  admitting  of  an  easy  and  natural 
explanation,  are  situated  above  the  level  of  the  country  out 
of  which  the  valleys  have  been  excavated,  and  previous  to 
the  excavation  must  have  flowed  over  it,  and  that  the  pre- 
sent depths  of  the  valleys  satisfactorily  prove  that  the  streams 
must  have  had  falls  equal  to  these  depths,  we  shall  surely 
fnid,  in  the  natural  progress  and  descending  forces  of  the 
streams,  all  the  means  necessary  to  have  efl'ected  the  exca- 
vations; and  when  in  addition  to  all  this  we  actually  find  so 
TOany  of  the  phjenomena  of  streams  and  valleys  precisely  cor- 
responding with  such  an  action  of  the  waters,  we  surely  pos- 
sess a  quantum  of  harmonizincj  evidence,  which  will  support 
the  most  confident  conclusion;  and  it  would  but  ill  comport 
with  the  liberal  spirit  of  philosophical  research  to  turn  away 
from  such  a  mass  of  evidence,  and  substitute  for  such  ob- 
vious and  natural  agency,  some  baseless  phantom  of  hypo- 
thetical enigma. 

I  cannot  but  lament  that  Mr.  Farey  should  voluntarily 
have  made  himself  an  habitual  alien  to  that  beautiful  sim- 
plicity which  pervades  and  governs  all  the  operative  works 
of  Nature,  and  which  constantly  rises  in  dignified  unity 
with  the  magnitude  of  the  occasion.  The  falling  of  an 
apple  from  a  tree  is  said  to  have  suggested  to  Newton  the 
first  idea  which  led  him  to  the  development  of  his  great 
scheme  of  universal  gravitation  :  nor  do  I  consider  water 
as  less  active  and  important  in  geology,  than  gravity  h  ui 
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the  planctarv  system  ;  for  it  assurcdlv  is  the  great  and  sim? 
pie  instrument  for  moving  and  mouklmg  all  the  exterior 
and  interior  parts  of  onr  earth.  Hence  alone  we  can  discover 
the  obvions  re-ison  whv  it  bears  so  Jnrtie  a  proportion  on  the 
surface  of  the  globe.  lis  present  ipiantiiv  and  extent  are 
indispensable  to  effect  tiiat  gigantic  transportation  of  pon- 
derable iTiatter,  which  all  the  strata  of  the  earth  testify, 
which  the  principles  oi  renovation  in  such  a  inaleriaj  system 
require,  and  which  no  data  we  now  possess  can  authorise 
lis  lo  doubt  is  now  in  as  full  force  and  action  a-;  at  any 
former  period.  Nor  have  we  any  reason  to  despair  that 
human  sagacity  and  science,  at  present  so  active  in  the  in- 
resii^aiion  (jT  Nature,  will  iti  due  titne  be  enahltd  to  de- 
velop those  la-As  by  which  alteniatiotis  of  sea  and  land  have 
been,  and  doubtless  vet  continue  to  be  eff'ectcd,  with  as 
much  precision  as  planetary  bodies  are  wheeled  in  theit  se- 
veral orbits.  For  puny  and  unphilosophical  indeed  must 
his  views  of  nature  be,  who  can  imagine  that  the  whole 
portion  of  the  earth,  on  which  the  very  existence  of  all  its 
organized  beincs  is  dependent,  has  hitherto  been  moulded 
and  fashioned  bv  fluctuating  ai>d  fortuitous  laws,  and.  is  yet 
to  be  the  sport  of  acculental  vtolence,  or  that  its  continual 
propensity  to  disintegration  and  waste  has  no  restorative 
balance. 

These  extended  views  of  geology,  Mr.  Farey  will  find  it 
ea&y  to  call  rhapsodical  ;  but  he  will  do  wiser  to  give  them 
a  serious  and  just  consideration,  as  an  antidote  against  his 
fondness  for  the  ignis  fatmis  of  hypothesis.  It  is  only  by 
such  new  impresstons  that  his  mind  can  be  weaned  from 
rambling  after  and  bringing  down  other  worlds,  to  patch 
up  and  eke  out  our  own.  His  geological  surveys  merit  the 
highest  praise.  Such  pursuits,  indeed,  are  of  great  national 
interest,  and  J  can  truly  assure  him  that  he  has  no  friend 
who  more  sincerely  wishes  him  every  support  and  success 
than  myself;  but  if  he  continues  in  his  singular  and  obdu- 
rate prejudices  against  the  efficacious  and  important  action 
of  moving  water,  as  the  general  operator  of  geological  phae- 
noniena,  as  well  on  the  surface,  as  in  the  stratified  regions 
of  the  interior  of  the  earth  ;  he  may,  indeed,  be  the  col- 
lector of  a  numerous  assemblage  of  valuable  facts,  but  it 
will  be  left  to  others  to  employ  them,  successfully,  in  the 
investigation  of  that  common  cause  which  has  disseminated 
such  a  diversity  of  effects  in  and  over  every  part  of  the 
globe.        I  am,  sir,  your  most  obedient  humble  servant, 

\  John  Carr. 

Princess  Street,  Manchester, 
Sept.  7,  1809. 
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XXVIII.  Further  Remarks  on  Thuvder  Storms,     Brj 

Mr.   COBXKHUS  VAKLEr. 

To  Mr.  TUIgcIu 

Sir,  Oince  the  period  at  which  I  sent  you  some  remarks 
on  a  thunder  storm  *  seen  at  a  distance,  I  have  been  nearly 
under  a  similar  storm,  and  have  remarked  two  additional 
effects,  which  appear  to  mc  to  throw  some  light  upon  tliis 
subject. 

Toward  the  clc)>e  of  a  fine  dav  the  air  grew  thick  with 
vapour,  but  exhibited  no  visible  iorm  of  clouds.  This  va- 
pour afterwards  condensed  into  thicker  masses,  with  faint 
gashes  of  lightning  about  them.  The  condensation  then 
went  on  very  rapid,  so  that  what  was  only  a  thick  mist  be- 
fore, became,  in  an  hour,  a  large  general  mass  of  clouds ; 
and  I  could  now  see  clear  sky  in  different  parts,  though  at 
the  commencement  the  whole  sky  was  covered  with  a  faint 
mist.  There  w^s  now  a  great  deal  of  liiihtning  between  the 
upper  and  lower  clouds,  the  effect  of  uhich  was  seen 
through  the  under  clouds  in  broad,  misty,  zig-zas:  flashes; 
and  nearer  the  horizon  were  seen  iarcje  sparks  running  alonf 
between  the  clouds  to  a  great  distance.  The  passage  of  the 
light  was  visible  all  the  way,  but  the  spark  seen  distinctly 
at  all  the  openings. 

During  the  time  this  lightning  continued  there  «as  only 
now  and  then  a  little  thunder,  which  1  think  is  clearly  ac- 
counted for  by  an  accompanying  effect — namelv,  the  con- 
densation of  a  very  rare  cloud  into  one  moreden^e^  but  vet 
quite  elastic.  The  condensation  may  be  conceived  to  take 
place  by  the  closing  together  of  an  immense  number  of 
small  parcels  of  clouds,  as  if  the  parts  of  a  spouse  were 
made  to  approach  by  pressure,  and  therefore  with  a  very 
soft  and  gentle  vibration. 

But  when  a  spark  strikes  from  the  lowest  cloud  to  the 
earth  the  condensation  must  be  into  rain,  (for  there  is  no 
intermediate  slate  between  that  cloud  which  is  already  at 
jts  lowest  density  and  rain^)  therefore  the  atmospliere  has 
to  collapse  upon  solid  inelastic  particles  of  rain,  which  must 
produce  a  sharp  clap ;  and  this  every  person  knows  to  be 
the  effect,  when  lightning  strikes  down  from  over  our 
heads. 

The  wind  during  all  the  day  h;ul  been  south-weSt,  but 
when  the  storm  commenced,  the  wind  ceased  on  the  north- 

?  See  page  16i  of  the  presei;t  VoJume. 
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cast  siHc  of  it,  and  seemed  afterwards  to  return  j  for  after 
every  larce  flash  of  lightning  I  felt  an  evident  current  of 
wind  blcnving  towards  the  locus  of  condensation,  which 
bad  settled  considerably  westward  of  me. 

I  did  not  see  many  s'parks  strike  to  the  earth,  but  there 
were  distant  showers  of  rain,  and  it  thundered  and  rained 
very  hard  in  tb.e  night. 

I  am,  sir,  your  very  humble  servant, 

Paddington,  CoRNELIUS  VaRLET. 

August  1«,  18C9. 

XXIX.  Analysis  of  the  Mccanique  Celeste  ofM.  La  Place. 
By  M.  BiOT. 

[Continued  from  p.  4:?.] 
BOOK  THIRD. 

JL  HE  aulhor  having  in  his  fir^t  volume  established  the  laws 
according  to  which  the  centres  of  gravity  of  the  celestial 
bodies  move,  proceeds  in  the  second  to  consider  the  phoeno- 
inena  occasioned  by  the  figure  of  these  bodies,  and  the  cir- 
cumstances peculiar  to  each.  However  great  the  extent 
and  importance  of  the  inquiry  contained  in  the  first  vo- 
lume n)ay  be,  the  second  is  still  more  remarkable,  on  ac- 
count of  the  diffictdiy  of  the  subject,  the  elegance  of  the 
analysis,  and  the  great  ingenuity  with  which  it  is  applied. 

'J'he  author  proceeds  to  treat  of  the  figure  of  the  celestial 
bodies.  This  figure  depends  on  the  law  of  gravity  at  their 
surface,  and  this  gravity,  the  result  of  the  attractions  of  all 
the  molecules  which  compose  them,  depends  on  their  figure. 
The  connection  between  these  two  unknown  cjuantities 
renders  their  determination  very  difficult.  The  author  re- 
solves this  problem  by  supposing  the  celestial  bodies  to  be 
covered  by  a  fluid  :  the  method  enjployed  by  him  to  obtain 
this,  i.«  a  very  singular  application  of  the  calculation  of  par- 
tial differences,  vv'bich  leads  by  simple  differentiations  to 
the  most  extensive  results. 

Considering,  in  the  first  place,  the  spheroids  as  being 
homogeneous,  he  forms  the  expression  of  their  attractions 
upon  a  point  given  with  respect  to  three  rectangular  axes. 
The  expression  depends  on  a  triple  integral,  which  is  sus- 
ceptible of  a  convenient  transformation.  The  author  then 
develops  the  general  principle,  applying  these  results  to 
spheroids  terminated  by  finite  surfaces  of  the  second  order; 
and  supposing,  in  the  first  place,  the  point  attracted  to  be 
vithin  the  sphcro^l,  he  thence  deduces  that  a  point  placed 

in 
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In.  the  interior  of  ati  elliptic,  stratum,  whose  internal  and  ex- 
ternal surfaces  are  ahkc,  and  ^imilarly  situaicd,  is  equally 
attracted  by  all  parts. 

He  atierwards  obtains  the  attractions  of  the  spheroid 
with  resprct  to  the  three  rectangular  axe?,  bv  iceaus  of  a 
sintrlt  definite  integral  ;  but  this  integral  only  beinir  pos- 
sible in  il^elf,  when  the  spheroid  is  one  of  revolution,  the 
author  n)ak.es  an  application  of  it  to  surfaces  of  this  kind, 
and  determines  in  titj-.te  terms  the  value  of  their  aitractive 
force  on  a  point  placed  in  their  interior. 

He  afterwards  considers  the  attraction  of  the  same  sphe- 
roids  on   an   external   point.     This  inquiry  presents  more 
difficulties  than  the  precedaig,  but  it  may   however  be   re- 
ferred tn  it.     With  this  view  the  au'hor  calls    to  recollec- 
tion that  the  attractions  of  the  spliernd,  parallel  to  the  three 
axes,  arc  given  by  the   p:;rtiaL  differences  of  the   function 
which  expresses  the  sum  of  the  molecules  of  the  spheroid 
divided   bv   their  respective   distances    from  the  points  at- 
tracted.    He  obtains  the  value  of  this  function,  when  the 
point  attracted    is  at  a  very  great  distance,  and  he  gives  an 
equation  of  the  second  order  oi   parii:il   diiTercnces   which 
determine  it  generally.     He  afterwards  shows,  bv  the  help 
ofseiies,  that  this  function  is  the  product  of  iwo  factors, 
one  of  which  is  the  mass  of  the  spheroid,  and  the  other  is 
nierely  the  function   or   its  eccentricities,  and  of  the  co- 
ordniatcs  ni   the   point   attracted  ;  whence  it  follows,  that 
the   attractions   of  two  elliptic   spheroids  which  have  the 
same  centre,  the  same  position  of  the  axes,  and  the   same 
eccentricities  on  the  same  external  point,  are  to  each  other 
as  the  mas-es  of  the-^e  spheroids.     It  also  follows  from  this 
properly,  that  in  order  to  obtain  the  attraction  of  the  pro- 
posed  sphercnd  on    the  point   attracted,  it   is  sufiicient  to 
know  the  attrxction  on  the  same  point  of  a  sphcr(jid,  whose 
eccentricity  and  position  of  the  axes  are  the  same,  and  the 
surface  of  which   would   pass  by  this  point.     The  author 
shows  that  there   is  but  one  spheroid   winch  satisfies  this 
condition.     The  research  after  the  attraction  of  these  sphe- 
roids in  points  which   are  exterior   to  them  is  thus  referred 
to   the   case  where  the  attracted   pomt  is  on  their  surface. 
Hence  results   the  expression    of  this   attraccion   in   finiie 
terms,  .when   the   spheroid  i'*   an   ellipsoid  of  revolution, 
which  completes  the   theory  of  the  ai traction  of  elliptic 
spheroids.  The  author  gives  the  method  of  extending;  these 
results  tothecase  where  the  attracting  spl.croid  is  composed 
of  variable  elliptic  lavers,  of  densitv,  poi-iiion,  and  eccen- 
tricitieSj  according  to  any  given  law.     lie  after  vards  con- 
siders 
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siders  in  a  general  inanner  the  attractions  of  any  spheroids  j 
he  recollects  in  the  first  place  that  this  attraction  is  given 
by  an  equation  ot"  the  second  order  of"  partial  differences. 
The  whole  theory  of  the  attraction  of  spheroids  flows  from 
this  fundanientai  equation.     The  author,  after  making  it 
imdergo  various  transformations,  undertakes  to  deduce  from 
it,  by  means  of  series,   the  value  of  the  function  required; 
he  then  shows  that  with  respect  to   spheroids  which  differ 
very  little  from  the  sphere,  we  may  attain   them   without 
the  aid  of  integration,  by  means  of  a  very  remarkable  equa- 
tion which  takes  place  on  their  surface.     It  is  sufficient  for 
this  purpose,  to  develop  their  radius  in  a  series  of  functions 
of  a  particular  kind,  given  by   the   nature  of  ti)e  question. 
The  author  proves  that  this  development  can   take  place  in 
one  way  only,  and   gives   shortly  afterwards  a  very  simple 
method  of  forming  it.     He   afterwards  establishes  a  very 
elegant  theorem  relative  to  the  definite  integration  of  double 
differentials  which  are  the  products  of  two  ot  these  func- 
tions, and  he  deduces  from  them,  that  we  may  get  rid  of 
the  first  two  terms  of  the  development  of  the  radius  of  the 
spheroid,  by  fixing  the  origin  of  the  co-ordinates   at  its 
centre  of  gravity,  and  taking  for  the  sphere,  which  differs 
very  little  from  it,   that  which  is  equal  to  it  in  volume.   By 
the  help  of  these  considerations,  the  author  obtains,  in  the 
simplest  manner,  the  attractions  of  homogeneous  spheroids 
differing  little  from   the  sphere  on  the   points  which  are 
either  interior  or  exterior  to  them;  and  he  extends  these 
results  to  the  case  in  which  the  spheroids  are  heterogeneous, 
whatever  in  other  respects  may  be  the  law  according  to 
which  the  figure  and  density  of  their  layers  vary.     Passing 
afterwards  to  the  inquiry  respecting  the  attractions  of  any 
given  spheroids,  which  depend  equally  on  the  function  ex- 
pr(?ssing  the  sun)  of  their  molecules  divided  by  their  respec- 
tive distances  from  the  point  attracted,  the  author  shows 
that  this  function  may  be  easily  determined,  when  we  have 
its  expression  in  series,  for  the  two  cases  where  the   point 
attracted  is  situated  on   the  prolongation  of  the  axis  of  the 
pole,  or  in  the  plane  of  the  equator.     This  consideration, 
which  simplifies  considerably  the  inquiry  in  question,  being 
applied  to  the  ellipsoid,  furnishes  a  new  demonstration  of 
the  theorem  mentioned  above,  and  which  consists  in  this, 
that  the  function  which  determines  the  attraction  of  these 
bodies  is  the  product  of  two  factors,  one  of  which  is  the 
mass  itself  of  the  ellipsoid,  and  the  other  only  depends  on 
the  eccentricities  and  position  of  the  axes. 
The  aulhor  afterwards  considers  the  figure  which  sphe- 
roids. 
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roids,  supposed  to  be  fluids,  would  assume  in  consequence 
of  the  mutual  attraction  of  all  their  parts,  and  of  the  other 
forces  which  act  upon  them.  For  this  purpose  he  seeks 
the  figure  which  satisfies  the  equilibrium  of  a  homogeneous 
fluid  mass,  endowed  with  an  uniform  rotatory  motion  about 
a  fixed  axis.  He  supposes  this  figure  to  be  that  of  an  el- 
lipsoid of  revolution,  whose  rotatory  axis  is  the  axis  of  re- 
volution itself.  He  determines  the  attractive  and  centri- 
fugal forces  which  flow  from  this  hypothesis;  and,  substi- 
tuting them  in  the  equation  of  the  equilibrium  of  fluids,  he 
thence  obtains  an  equation  independent  of  the  co-ordinates 
of  the  surface,  which  establishes  the  relation  that  must 
exist  between  the  eccentricity  of  the  spheroid  and  the  polar 
axis,  in  order  that  the  equation  of  equilibrium  may  be  satis- 
fied. Hence  it  follows,  that  the  elliptic  figure  satisfies  the 
conditions  of  equilibrium,  at  least  when  the  ratio  of  the 
eccentricity  to  the  polar  axis  is  properly  determined  in  the 
function  of  the  centrifugal  force,  and  of  the  density  of  the 
body.  On  this  supposition,  the  gravity  at  the  pole,  is  to 
the  gravity  at  the  equator,  as  the  diameter  of  the  equa- 
tor is  to  the  polar  axis,  and  we  deduce  from  it  the  general 
relation  of  the  latitude  to  the  gravitation.  These  results 
also  make  known  the  ratio  of  the  eccentricity  to  the  polar 
axis,  and  that  of  the  centrifugal  force  to  the  density  of  the 
body,  by  means  of  the  length  of  the  seconds  pendulum, 
and  the  length  of  the  degree  of  the  meridian,  both  being 
observed  in  the  same  point  of  latitude.  The  author  applies 
these  formulae  to  the  earth,  supposed  to  be  an  ellipsoid  of 
revolution  and  homogeneous  ;  and  fixes  on  this  hypothesis 
the  ratio  of  the  polar  axis  to  the  diameter  of  the  equator. 

The  author  afterwards  examines  whether  the  equation 
which  gives  the  ratio  of  the  eccentricity  to  the  polar  axis 
be  susceptible  of  several  real  roots.  He  shows  that  with 
respect  to  the  same  motion  of  rotation,  the  number  of  the:^e 
real  roots  is  reduced  to  two,  whence  it  results,  that  to  the 
«ame  angular  motion  of  rotation  two  different  figures  of 
equilibrium  answer;  but  the  rapidity  of  this  motion  is  li- 
mited, for  equilibrium  could  not  take  place  with  an  elliptic 
figure  when  the  duration  of  rotation  does  not  surpass  the 
product  of  one  hour  and  90  seconds,  into  the  square  root 
of  the  ratio  of  the  mean  density  of  the  earth  to  that  of  the 
fluid  mass.  The  time  is  here  reckoned  according  to  the 
new  division.  The  observed  rotations  of  Jupiter  and  of  the 
»un  are  within  the  limits  of  this  duration. 

One  would  suppose  that  this  limit  is  the  one  at  which  the 

fluid 
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fluid  would  begin  to  be  dissipated  in  consequence  of  a  very 
rapid  rotatory  motion.  The  author  shows  that  this  is  not 
the  case,  since  at  this  hniit  (he  gravity  at  the  equator  still 
surpasses  tlie  third  of  the  gravity  at  the  pole;  whence  it 
follows,  that  it"  the  equilibrium  ceases  to  be  possible,  it  is 
because  with  a  more  rapid  motion  we  could  not  give  to  the 
fluivl  mass  an  elliptic  iigure,  so  as  to  make  the  result  of  its 
attraction  and  of  the  centrifugal  force  perpendicular  to  the. 
surface. 

The  author  afterwards  examines  if  equilibrium  can  sub- 
sist with  a  tiijure  elongated  towards  the  poles,  and  proves 
that  this  could  not  take  place.  What  has  been  said  as  to 
the  possibility  of  two  states  of  equilibrium  relative  to  the 
same  angular  motion  of  rotation,  does  not  carrv  with  it 
this  possibility  relative  to  one  and  the  same  primitive  force  : 
in  order  to  know  what  ought  to  be  concluded  in  this  re- 
spect, the  author  considers  a  fluid  mass  primitively  agitated 
by  any  jjiven  forces,  and  then  abandoned  to  itself  and  to 
the  mutual  attraction  of  all  its  parts  :  by  the  centre  of  gra- 
vity of  this  mass  supposed  to  be  innnoveable,  he  conceives 
a  plane  on  which  the  sum  of  the  areas,  described  by  the 
projections  of  the  radii  veetores  of  each  molecule,  and  mul- 
tiplied by  the  respective  masses  of  these  molecules,  to  be 
at  the  connnencement  of  the  motion  a  maximum.  This 
plane  will  constantly  maintain  this  property;  also,  when 
after  a  great  number  of  oscillations  the  fluid  mass  shall 
assume  an  uniform  rotatory  motion  about  a  fixed  axis, 
this  axis  will  be  perpendicular  to  the  plane  just  mentioned, 
which  will  consequently  become  that  of  the  equator,  and 
the  rotatory  motion  will  be  such  that  the  sum  of  the  areas 
on  this  plane  will  remain  the  same  as  at  the  origin  of  the 
motion.  This  consideration  determines  the  motion  of  ro- 
tation and  the  figure  of  the  body;  whence  it  folloivs,  that 
with  respect  to  the  same  primitive  impulse,  there  is  onlvone 
elliptic  figure  which  can  satisfy  the  equilibrium.  The  au- 
thor observes,  that  the  axis  about  which  the  rotatory  motion 
is  established,  being,  from  the  origin  of  the  motion,  per- 
pendicular to  the  plane  of  the  maximum  of  the  areas,  was 
also  at  this  period  the  axis  of  the  greatest  moments,  and 
we  find  that  it  sidl  preserves  this  property  during  the  mo- 
tion. This  constancy  in  the  initial  properties  forms  a  re- 
markable and  hitherto  unnoticed  analogy  between  the  axis- 
of  the  iireatest  niiiments  and  the  place  of  the  maximum  of 
the  areas. 

The  author,  in  what  precedes,  has  shown  that  the  elliptic 

figure 
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figure  satisfies  the  equilibrium  of  a  homogeneous  fluid  mass, 
eiuloued   with   an  uniform   rotatory   motion   al)out  a  tixed 
axis;  but  in  order  to  resolve  this  problem   compittely,  we 
must  determine  a  p/ior?  all  the  possible  figures  of  equili- 
brium, or  ascertaiu  that  the  elliptic  figure  is   the  only  one 
which  fulfils  these  conditions:     We  perceive  besides,  that 
in  the  inquiry  into  the  figure  of  the  planets   we  ought  not 
to  confine  ourselves  to  the  case  of  homogeneity  ;  but  then, 
this  inquiry,  considered  in  a  general  point  of  view,  becomes 
extremely  difiicult.     Fortunately  it  is  simplified  relatively 
to  the  planets  and  satellites,  on  account  of  the  small  diffe- 
rence which  exists  between  the- figure  of  these  bodies  and 
that  of  the  sphere,  which  admits  of  our  neglecting  the 
square  of  this  difference  and  the  quantities  which  depend 
on  it.     In  order  to  treat  this  problem  in  the  most  general 
manner,  the  author  considers  the  equilibrium  of  a  fluid 
mass  covering  a  body  formed  of  layers  of  variable  densities, 
endowed   with  a  rotatory   motion  about  a  fixed  axis,  and 
solicited  by  the  action  of  foreign  bodies  ;  and  he  establishes 
the  general  equation  of  this  equilibrium,  when  the  covered 
spheroid  dift-rrs  very  little  from  a  sphere.     This  spheroid 
may  besides  be  entirely  fluid  ;  and  it  may  be  formed  of  a 
solid  nucleus  covered  by  a  fluid  :  in  these  two  cases,  which 
are  reduced  to  one  only,  if  the  spheroid  be   homooenecus, 
the  precedinir  equation  determines  its  figure,  that  of  the 
iiuid  strata  which  cover  it,  and  also  gives,  by  simple  diffe- 
rentiation, the  variation  of  the  gravity  at  its  surface.  When 
there  are  no  foreign  bodies,  in  which  case  the  spheroid,  sup- 
posed to  be  homoceneous  and  of  the  same  density  as  the 
iiuid,  is  only  solicited  by  the  attraction  of  its  molecules  and 
the  centrifugal  force  of  its  rotatorv  motion;  its  figure  be- 
comes that  of  an  ellipsoid  of  revolution,  ©n  which   the  in- 
creases of  gravity  and  the  diminutions  of  radii  arc  propor- 
tional to  the  squares  of  the  sines  of  the  latitudes  ;  from  all 
which  the  author  concludes  that   the  elliptic  figure  is  then 
the  only  one  which  satisfies  the  equilibrium.    This  denjon- 
stratioa  rests  entirely  on  the  sole  h-pothesis,  that  the  figure 
of  the  spheroid  diflers  very  little  from   the  sphere  :  but  it- 
requires  the  derelojiment  of  the  radius  of  this  spheroid  in  a 
series  of  functions  of  a  particular  kind,  which   the  author 
has  demonstrated  above  to  be  alwavs  possible:  but  in  order 
to  avoid  all   the  ditficuliies  which   this  development  might 
give  rise  to,  he  resumes  the  same  problem  by  a  direct  me- 
thod, and  independent  of  series;  tins  method  consists  u>  the 
first  place  in  transforming  the  equation  of  equilibrium  in 
such  a  way  as  to  lender  it  linear  with  respect  to  the  radium 

vector 
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vector  oF  ihe  spheroid.  Supposing  afterwards  the  action  of 
foreign  powers  to  be  nothins:,  we  deduce  troni  this  equa- 
tion, and  by  diflerentiations  only,  that  if  the  spheroid 
sought  be  one  of  revolution,  it  can  onl\  be  an  elhpsoid 
which  is  reduced  to  a  sphere,  when  there  is  no  rotatory 
motion  ;  soihit  the  sphere  is'  the  onlv  surface  of  revolution 
which  satistits  the  equihbrium  of  an  immoveable  homo- 
geneous fluid  mass.  Hence  it  is  afterwards  concluded  ge- 
iierallv,  that  if  the  fluid  mass  be  solicited  bv  any  very  small 
forces  whatever,  there  is  only  one  possible  titiure  of  equili- 
brium; for,  by  supposing  that  there  are  several,  there  would 
of  course  be  several  difleivnt  radii,  which  heinsi;  substituted 
in  the  equation  of  equilibrium,  would  verify  it;  and  as  this 
equation  is  linear  wiih  respect  to  these  radii,  the  sum  of  any 
two  of  them  would  still  satisfy  equally  as  well  as  their  dif- 
fereix;e.  Hence  the  author  injieuiouslv  deduces,  that  this 
diHVrence  must  be  nothing;  from  vhich  he  concl^idcs, 
that  the  spheroid  can  be  in  eqtiilibrium  in  one  way  only. 

Afterwards  comes  the  consideration  of  the  equilibrium 
of  a  homogeneous  Huid  mass  which  covers  a  spheroid  of  a 
different  density.  On  this  head  he  observes,  that  we  may 
reoard  this  sphere  as  being  of  the  same  density  with  the 
fluid,  and  place  in  its  centre  a  force  reciprocally  as  the 
square  of  the  distances.  By  means  of  this  consideration, 
we  easily  obtain  the  equation  of  equilibrium  for  this  sphe- 
roid; and  it  results  that  there  are  generally  in  this  case,  and 
when  the  spheroid  is  one  of  revolution,  two  figures  of  equili- 
brium. When  there  is  no  rotatory  motion,  and  when  we 
consider  the  foreign  forces  as  nothing  that  mutually  attract 
the  molecules  of  the  body,  one  of  these  tuo  liguresis  sphe- 
rical, and  both  are  so  if  the  spheroid  be  humogeneous  ; 
which  confirms  the  preceding  results. 

After  havino;  thus  obtained  the  figures  of  revolution  which 
satisfy  the  equilibrium  of  a  homoiieneous  fluid  mass  which 
covers  a  sphere,  the  author  gives  the  naethod  of  deducing 
from  it  those  which  are  not  of  revolution.  With  this  view 
he  transfers  to  any  given  point  the  origin  of  the  angles 
which  determine  the  position  of  the  radius  vector  in  space, 
angles  which  were  previously  taken  into  account,  reckoning 
from  tlie  extremity  of  the  axis  of  revolution.  By  this  me- 
thod all  these  angles  enter  into  the  expression  of  the  radius 
vector ;  and  as,  in  consequence  of  what  precedes,  this  ra- 
dius satisfies  the  equation  of  equilibrium,  whatever  may  be 
the  position  of  this  ntw  origin,  it  will  still  satisfy  it  when 
we  vary  this  origin  in  anv  way  whatever.  This  variation 
only  iatiueuces  the  excess  of  the  radius  vector  of  the  sphe- 
roid 
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roid  above  that  of  the  raduis  of  the  sphere,  from  which  it 
differs  verv  htlle  ;  and  as  the  equaiioa  of  equilibrium  is 
linear  with  respect  to  the  radius  of  the  spheroid,  it  will 
still  be  satisfied  if  we  add  any  number  of  these  excesses  to 
the  constant  part  which  enters  into  the  expression  of  the 
'radius  vector.  The  spheroid  to  which  this  radius  belongs 
is  no  longer  of  revolution  ;  it  is  Ibrnied  by  the  sphere  from 
which  the  spheroid  differs  but  little,  augmented  l)v  any 
number  of  layers  similar  to  the  excess  of  the  jKimiiive  sphe- 
roid of  revolution  above  this  sphere;  these  layers  besides 
being  laid  arbitrarily  above  each  other.  The  author  shows 
that  these  results  may  also  be  deduced  from  the  reduction 
into  a  series  of  the  attractions  of  the  spheroids  ;  which 
proves  that  the  results  obtained  by  this  method  liave  all 
possible  generality,  and  that  there  is  no  fear  of  anv  figure 
of  equilibrium  escaping  them.  This  result  confirms  what 
has  been  previously  s.en,  that  the  torm  given  to  the  radius 
of  the  sphf roids  is  not  arbitrary,  and  flows  from  tiie  very 
nature  of  their  attract'ons. 

The  author  afterwards  takes  up  the  general  equation  of 
the  equilibrium  T)f  S()heroids  differing  little  from  spheres, 
and  covered  wiih  fluid  layers  of  variable  densities.  He 
deduces  from  it  the  equation  for  the  figure  of  these  layers. 
Examininsr  particularly  the  case  in  which  the  spheroid  sup- 
posed to  be  entirely  f]ui(fis  not  solicited  bv  any  toreijin  ac- 
tion, he  shows  that  it  can  then  oiiiy  be  an  ellipsoid  of  re- 
volution whose  ellipticities  increase  and  densities  diminish 
from  the  centre  to  the  surface  ;  he  obtains  the  equation 
wliieh  determines  th,^  ratio  of  these  quantities  to  each  other, 
and  he  deduces  the  limits  of  the  oblatenessof  the  sphtroid; 
the  former  answerinir  to  the  case  of  homooenelty,  the  other 
to  that  in  which  gravity  would  be  directed  towards  a  single 
point.  Such  must  have  been  the  figure  ot  the  earth,  if  sup- 
posed to  have  been  primitively  fluid.  In  the  case  now  in 
question,  the  directions  of  gravity  from  the  surlace  to  the 
centre  no  longer  form  a  right  line,  but  a  curve,  the  equa- 
tion of  which  is  determined  by  the  author,  and  which  is 
the  trajectory  at  right  anijles  of  all  the  ellipses,  which 
by  their  revolution  form  the  layers  of  the  level  of  the  sphe- 
roid. 

[To  be  continued.] 
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JDecrements  on  thk  Edgks. — Let  5 5'  (fig.  11,  PI.  II.) 
be  a  dodecahedron  with  rhombic  planes.  This  solid,  which 
is  one  ot"  the  six  priaiiiive  ibrnis  of  crystals,  also  presents 
itself  occasionally  as  a  secondary  form,  and  in  this  case  it 
has  as  a  nucleus,  sometimes  a  cube  and  sometimes  an  oc- 
tahedron.    Supposing  the  nucleus  to  be  a  cube  : 

In  order  to  extract  this  nucleus,  it  is  sufficient  succes- 
sivelv  to  remove  the  six  solid  angles  composed  of  four 
planes,  such  as  s,  r,  t,  &c.,  by  sections  adapted  to  the  di- 
rection of  the  small  diagonals.  These  sections  will  display 
as  many  squares  A  E  07,  £0  0'  E',  I  O  O'  I'  (fig.  12)  &c., 
which  will  be  the  faces  of  the  cube. 

Let  us  conceive  that  each  of  these  faces  is  subjected  to  a 
series  of  decreasing  laminne  solely  coniposed  of  cubic  mole- 
cules, and  that  every  one  of  these  laminae  exceeds  the  suc- 
cecdino-  one  towards  its  four  edges,  by  a  quantity  equal  to 
one  course  of  these  same  molecules.  Afterwards  we  shall 
desianate  the  decreasing  laminae  which  envelop  the  nucleus 
by  the  name  of  lamince  of  superposition.  Now  it  is  easy  to 
conceive  that  the  diflferent  series  will  produce  six  quadran- 
gular pyramids  similar  in  some  respects  to  the  quandran- 
gular  steps  of  a  colunni,  which  will  rest  on  the  faces  of  the 
cube.  Three  of  these  pyramids  are  represented  in  fig.  13, 
and  have  their  summits  in  s,  t,  r  . 

Now  as  there  are  six  quadrangular  pyramids,  we  shall 
(herefore  have  twenty-tour  triangles,  such  as  O  5 1,  O  M,  &c. 
■But  because  the  decrement  is  uniform  from  s  to  t^  and  so 
on  with  the  rest,  the  triangles  taken  two  and  two  are  on 
a  level,  and  form  a  rhomb  sO  t\.  The  surface  of  the  solid 
\\\\\  therefore  he  composed  of  twelve  equal  and  similar 
jhombr-,  i.  e,  this  solid  will  have  the  same  form  with  that 
ivhich  is  the  subject  of  the  prtiblem.  This  structure  takes 
plact,  although  imperfectlv  with  respect  to  the  crystals 
callfd  /o/acic  o?pa?\j,  and  tiie  eflect  of  the  decrennnit  on 
which  it  depends  attains  its  limits  in  a  substance  the  nature 
oi  v^hich  is  not  yet  well  determined,  and  which  we  shall 
more  particularly  explain  hereafter. 

The   doilecahedron   now   under  consideration  is   repre- 

«enied  bv  tig.  13,  in  such  a  way   that  the  progress  of  the 

ciecrement  may  be  perceived  by  the  eye.  On  examining  the 

figure  attentively,  we  shall  find  that  it  has  been  traced  on 

•  '  •        the 
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the  supposition  that  the  cubic  nucleus  has  on  each  of  its 
tdi{es  17  ridiies  ofhiolccules ;  whence  it  iollowS,  that  each 
of  us  faces  iji  composed  of  i'89  facets  of  molecules,  and 
that  the  whole  solid  is  equal  to  49:3  mnleculcs.  On  this 
hypothesis,  there  are  eight  laminae  of  superposition,  the 
last  of  which  is  reduced  to  a  simple  cube,  whose  edges  de- 
termine the  numbers  of  molecules  which  form  the  series 
15,  13,  II,  9,  7,  5,  3,  1,  the  diflference  being  2,  because 
there  is  one  course  subtracted  from  each  exireniitv. 

Now  if  instead  of  tlii>  coarse  kind  of  ma^onrv,  which 
has  the  advantage  of  speakiuii  to  the  eve,  we  substitute  iit 
our  imagination  the  iutimtely  delicate  architecture  of  na- 
ture, we  must  conceive  the  nucleus  as  beina;  composed  of 
an  incomparably  grater  numberof  imperceptible  cubes.  In 
this  case  the  number  of  laminae  of  superposition  will  also 
be  bevond  comparison  greater  than  on  the  preceding  hvpo- 
thesis.  Bv  a  necessary  consequence,  the  furrows  which 
form  these  laminae  by  the  alternate  projecting"  and  re-en- 
tering of  their  edges  will  not  be  cognizable  bv  our  senses  j 
and  this  is  what  lakes  place  m  the  polyliedra  vvhich  crvstal- 
lizaiion  has  produced  at  ease,  without  being  disturbed  in 
its  progress. 

We  may  remark  that  instead  of  twenty- four  decrements, 
which  act  two  and  two  from  one  side  to  the  other  of  each. 
ridge,  we  may  limit  ourselves  to  adu'it  only  twelve,  by 
consideriuii  each  of  the  twelve  others  as  beiiuj  the  continua- 
tion of  the  former.  For  instance,  we  may  suppose  that 
decrements  act  directly  towards  the  four  edges  ot  the  basis 
AEOI,  (fig.  12)  and  towards  those  of  the  inferior  basis,- 
in  order  to  produce  the  two  pyramids  which  have  their  sum-» 
mits  in  s  and  in  /,  and  that  wiih  respect  to  the  other 
faces  of  thecubc,  ihcvact  solely  towards  the  two  edges  1 1', 
OO',  and  towards  the  opposite  edges  behind  the  cube,  to 
produce  secondary  faces  situated  like  1  M',  0^0'.  On 
this  hypothesis,  if  we  conceive  that  the  effects  of  the  decre- 
ments are  prolonged  from  the  other  side  of  the  edges  which 
have  served  them  as  parting  lines  in  such  a  manner  that 
these  prolongations,  combining  with  the  faces  produced  by 
tl>e  inmiediate  action  of  the  decrements,  circumscribe  a 
space,  we  shall  evidently  have  the  same  dodecaliedron. 
We  shall  afterwards  see  the  utility  of  this  remark. 

If  the  laminee  applied  on  the  cube  decreased  on  all  sides 
by  two  or  more  courses,  then  the  pyramids  being  more  el- 
liptical, and  their  adjacent  faces  being  no  longer  two  and 
two  on  the  same  plane,  the  secondary  crystal  would  be 
terminated  by  24  distinct  triangles. 

O  3  We 
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We  call  decrements  in  hreadlh  those  In  which,  as  well  as 
in  the  preceding,  each  lamina  has  only  the  height  oF  a 
n>olecule  ;  so  that  their  whole  effect  hv  one,  two,  three,  &;c., 
courses,  is  in  the  way  of  hreadth.  Decrements  in  height  are 
those  in  which  each  lamina,  exceeding  only  the  following 
one  by  a  single  course  in  the  direction  of  the  breadth,  may 
have  a  height  double,  triple,  cjuaJruple,  &c.,  to  that  of  a 
molecule:  this  is  expressed  by  saying  that  the  decrement 
takes  place  hv  two  courses,  three  courses,  &c.  in  height. 

The  two  kmds  of  decrement  which  we  have  mentioned 
are  combined  together  in  the  following  exau)ple  taken  from 
sulphuretted  iron  (Ferruginous  pyrites)  with  twelve  penta- 
gonal faces  (fig.  14). 

This  variety  has  also  for  its  nucleus  a  cube,  the  position 
of  which  with  rcaard  to  the  dodecahedron  is  sensible  by 
the  bare  inspection  of  fig..  15.  We  there  see  that  the  por- 
tions superadded  to  the  nucleus,  instead  of  being  pyramids, 
as  in  the  preceding  case,  are  species  of  wedges  which  have 
for  their  external  iaces  two  trapeziums,  such  as  O  1  p  ^, 
AEp  9,  and  two  isoscele  triangles  Ep  o,  A  q  \. 

Let  us  conceive  that  the  decrement?  jre  here  made  bv  two 
ranocs  in  breadth,  between  the  edges  O  I  and  AE.  I  I'  and 
O  O',  EO  and  E'O',  and  in  a  similar  manner  and  at  the  same 
time  on  the  op]:iosite  squares  they  are  made  by  two  ranges 
in  iicight  between  the  edges  EOandAI,  OlandO'T, 
O  O'  and  E  E.\  by  which  we  see  that  these  decrements  take 
place  on  the  different  faces  of  the  cube,  according  to  three 
directions  which  cross  each  other  at  right  angles.  Then 
the  decrement  bv  two  ranks  in  breadth,  tendinjr  to  produce 
a  more  inclined  face  than  that  which  results  from  the  de- 
crement bv  two  ranks  in  height,  each  pile  of  decreasing 
lamina  will  no  longer  end  in  a  point,  l)ut  in  a  cuneiform 
solid  (fig.  16);  i.  e.  it  will  be  terminated  by  an  edge  p  ^  or 
tn;  and  if  we  compare  the  directions  of  these  two  edges 
with  that  of  the  edge  r  s  (figs.  14  and  15)  which  terminates 
the  pile  raised  on  the  face  E  O  O'  E'  of  the  nucleus,  it  will 
be  easy  to  see  that  these  liiree  edges  are  perpendicular  to 
each  other  in  consequence  of  the  traverse  directions  which 
the  decrements  take. 

Besides,  each  trapezium,  such  as  Op  ^  I  (figs.  15  and 
16)  beinu  on  the  same  plane  with  the  triangle  0  tl  which 
belongs  to  the  adjacent  pile,  the  union  of  these  two  figures 
will  form  a  pentagon  pO  t  Iq;  whence  it  follows  that  the 
solid  will  he  lernnnated  by  twelve  equal  and  similar  penta- 
gonal faces,  on  account  of  the  regular  form  of  the  nucleus 
and  the  symmetry  of  the  decrements. 

Here 
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Here  an  important  consideration  for  the  verification  of 
"the  theory  presents  itself.  If  we  suppose  that  the  diflerent 
pentagons  which  compose  the  surface  of  the  dodecahedron 
all  uniformly  depend  on  the  diflerent  edges  of  the  cube  as 
on  so  ir.any  hinaes,  so  that,  for  exan)ple,  the  two  pentagons 
«  M  /  r,  ?itOsO',  are  raised  or  lowered  by  the  trape- 
ziums 1  t  nl',  O  t  n  O',  while  they  will  be  raised  or  lowered 
in  a  contrary  direction  by  the  triangles  I  5' I',  OvO',  vve 
shall  have  an  infinity  of  different  dodecahedrons,  the  faces 
of  which  will  be  so  many  equal  and  similar  pentagons. 
Among  these  dodecahedrons,  a  part  of  them  will  he  possi- 
ble in  virtue  of  some,  law  of  decrement,  and  others  cannot 
be  produced  by  any  law,  and  will  be  purely  geometrical 
solids.  In  each  dodecahedron,  the  incidence  of  the  pen- 
tagon nt\s'  \'  on  the  pentagon  n  tO  a  O',  at  the  place  of 
the  edge  nt,  which  determines  of  itself  all  the  other  angles, 
will  have  a  particular  measure ;  and  calculation  proves  that, 
in  the  case  of  decrement  now  mentioned,  tiiis  incidence 
ought  to  be  126°  52' S".  Now  by  measuring  that  which 
corresponds  with  it  on  the  dodecahedron  of  sulphuretted 
iron,  we  find  it  nearly  127°:  thus  the  exisience  of  the  law 
of  decrement  is  confirmed  by  the  agreement  of  calculation 
with  observation. 

What  we  have  now  described  also  takes  place  with  respect 
to  all  the  other  results  of  the  theory  comjiarcd  with  those 
of  observation  ;  whence  we  ought  to  conclude,  that  the 
measurement  given  by  calculation  is  the  true  limits  of  the 
approximation  found  by  means  of  the  goniometer;  so  ihat 
the  more  carefullv  this  instrument  is  constructed,  the  more 
distinctly  is  the  crystal  defined,  the  observer  beconjes  more 
expert,  and  the  nearer  also  do  the  results  on  both  hands 
approach  to  perfect  coincidence. 

The  observation  already  made  vi-itb  respect  to  the  dode- 
cahedron with  rhombic  planes  applies  as  of  itself  to  the 
present  case ;  that  is  to  say,  instead  of  24  decrements,  viz. 
twelve  of  two  couises  in  breadth,  and  the  twelve  others  of 
two  courses  in  height,  we  can  confine  ourselves  to  the  consi- 
deration of  the  former  twelve,  only  supposing  their  effects 
to  extend  from  the  edoes  of  the  other  side,  which  serves 
them  for  parting  lines. 

We  shall  give  a  new  example  borrowed  from  metastatic 
carbonated  lime  (fig.  6,  PI.  I).  We  have  seen,  when  ex- 
amining the  position  of  the  nucleus,  that  the  edges  EO, 
01,  IK,  &c.,  were  confounded  with  the   lower  borders* 

*  I  call  v]jT)tr  ed^es,  or  border,  those  which  are  coatiguoiis  to  each  sum- 
mit; and  injferinr  eitges,  those  which  are  oppoaite  to  the  fonnerj  v.'hatever 
fcay  be  the  relative  position  of  the  rhomboid. 

0  3  of 
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of  this  nucleus  (fig.  7)  ;  ubcnce  it  trllows,  that  these  same 
borders  or  edges  are  parting  lines  o*  the  decrements,  which 
in  this  case  take  place  only  with  re^pect  to  iheni,  without 
anv  relation  to  the  upper  edges. 

Now  it  is  easy  to  conccivf,  that  the  cdees  of  the  laminas 
pf  superposition  form  altogethtr  as  manv  triangles,  E.?0, 
I  /  O,  K  /  O,  bic,  resting  on  those  parting  lines;  and  as 
these  lines  are  six  in  numbfr,  there  will  be  twelve  triangles, 
six  in  the  upper  part  and  as  manv  in  the  lower ;  and  all 
these  triangles  uill  be  scalene,  on  account  of  the  obliquity 
pf  the  parinig  lines. 

Willi  respect  to  the  upper  edces  of  the  lamince  of  super- 
position, they  not  onlv  undertio  no  dicrement,  but  it  is 
even  necessary  that  they  should  be  prolonged,  remaining 
alwavs  coniigucius  to  the  axis  of  the  crvstai,  in  order  that 
the  nucleus  may  continue  to  be  enveloped  towards  its  two 
summits,  as  in  a  state  in  which  it  might  increase  without 
changing  its  form. 

It  IS  al^o  to  calculation  combined  with  observation  that 
it  beloiTcrs  to  determine  the  law  of  decrement  on  which  the 
dodecahedron  depends.  Now  if  we  suppose  that  this  law 
acts  bv  one  range,  we  prove  that  in  this  case  the  two  faces 
produced  on  both  sides  of  the  same  edge  would  be  on  the 
same  plane,  and,  besides,  that  they  would  be  parallel  to  the 
axis;  v\h;ch  could  not  agree  with  the  present  case.  1  here- 
fore  the  simplest  hvpothesis  which  occurs  is  that  of  a  de-r 
crement  bvtv\o  courses  in  breadth.  Now  in  this  case  cal- 
culation dcn)onstratts,  that  the  dodecahedron  arising  trom 
this  law  ousjht  to  have  two  remarkable  properties;  the  one 
is,  that  the  obtuse  ai^gle  S  EO  of  any  (me  of  its  faces  has 
precisely  the  same  measure  with  the  obtuse  angle  of  the 
iiucleus,  ^.  e.  it  is  101°  3-2'  13";  the  other  consists  in  the 
respective  inclinations  of  the  faces  of  the  dodecahedron  at 
the  meeting  of  the  most  salient  edges;  for  instance,  the  in- 
clination oT-sI  O  on  5  I  K  is  equiil  to  that  of  two  adjacent 
faces  towards  the  same  summit  of  the  nucleus,  i.  e.  it  is 
104°  2S'  40".  Now  the  mechanical  measurement  of  the 
angles  equally  leads  to  the  same  degrees,  and  shows  that 
the  supposed  law  is  in  truth  the  law  of  nature.  It  is  this 
Jcind  of  translation  or  metastasis  of  the  angles  of  the  primi- 
tive form  on  the  secondary  crystal,  which  has  suggested  the 
name  oi  melasfadc  given  to  the  variety  in  question. 

Fis;.  17  (PI.  lU)  uill  fully  illusiiate  the  explanation 
vvhich  we  have  just  given.  It  represents  only  the  kind  of 
upper  pyran)id  added  to  the  nucleus,  which  beinti  thus 
partly  uncovered,  enables  us  to  comprehend  nipre  easily  the 

progress 
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progress  and  effects  of  decrement  by  two  courses.  Each 
edge  of  this  nucleus  has  been  divided  into  ten  ;  whence  it 
follows  that  every  face  is  an  assemblage  of  a  hundred  small 
rhombs,  which  are  ihe  external  facets  of  as  many  njoitcules. 
This  construction  requires  but  eight  laminae  of  superposi- 
tion for  each  of  the  same  faces  ;  and  these  laniinas  being 
united  together  three  and  three  in  the  places  which  corre- 
spond to  the  upper  edges  of  the  nucleus,  form  kinds  of  de- 
creasinij  envelopes  which  are  successively  generated,  and  the 
last  of  which  is  composed  of  eioht  •*mall  rlioniboids.  If  we 
consider  the  position  of  the  line  E^  which  represents  one 
of  the  terminating  edges,  composed  of  all  the  solid  angles 
which  are  contiguous  to  it,  we  shall  remark  that  the  geo- 
metrical summit  i"  of  the  dodecahedron  is  situated  a  little 
above  the  physical  summit  s"  :  but  this  difference  is  con- 
sidered as  nothing,  on  account  of  its  extreme  minuteness. 

What  we  have  said  as  to  increments  assumed  by  the  lamince 
of  superposition  towards  their  upper  edges,  in  continuing  to 
envelop  the  crystal  on  this  same  side,  is  a  consequence  of 
this  general  principle,  namelv,  that  the  portions  of  laminae, 
situated  out  of  the  reach  of  the  decrements,  extend,  by  mu- 
tually retrieving  themselves, in  such  a  manner  as  to  avoid  the 
re-entering  angles  which  seem  excluded  by  the  crystalliza- 
tion, at  least  in  solitary  crystals  *.  But  we  may  abstract 
these  simply  auxiliary  variations,  as  the  effect  of  decre- 
ments only  determines  the  form  of  the  secondary  crystal. 
It  is  even  sufficient  to  take  the  decrements  at  their  origin, 
in  order  to  have  as  many  planes;  and  these  again  being 
afterwards  extended  in  idea  until  they  meet,  lead  to  the 
complete  form  of  the  polyhedron  which  they  tend  to  pro- 
duce. Hence  it  is  thus  that  we  confine  ourselves  to  the 
consideration 'of  the  initial  effect  of  decrements,  in  calcula- 
tion of  which  the  progress  is  always  much  more  simple  and 
expeditious  than  that  of  reasoning. 

It  is  useful,  however,  to  be  also  able  to  give  a  distinct 
account  of  all  the  details  relative  to  the  structure  of  a  cry- 
stal, so  that,  if  we  have  at  our  disposal  a  certain  nunsber  of 
small  solids  similar  to  molecules,  we  may  arrange  them 
around  a  given  nucleus,  and  thus  produce  an  artificial  imi- 
tation of  crystall'zation.  I  shall  therefore,  in  a  final  ex- 
ample taken  fi-om  fc^wfax/.j-carbonatLU  lime,  follow  lamina 
bv  lamina  the  progressive  route  of  the  decrements,  and  in 
some  measure  give  the  synthesis  of  the  structure. 

,     *  Re  entering-  ang^lcs,  when  they  exist  in  crystal?,  are  accidents  occasioned 
bv  peculiar  circumstances,  of  which  we  shall  hereafter  speak. 

/  .  0  4  The 
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The  variety  in  question  is  a  rhomboid  much  more  obtuse 
than  ihe  nin-leus,  and  tiie  great  angle  oF  which  is  li-l^  ly' 
56  .  F  ir.  i8  reprer^ents  it  confined  to  its  nucleus.  In  order 
to  ex  1 1  act  the  latter  at  (juce,  it  is  nectssarv  to  have  planes 
trajectino;  by  the  oblique  diHsronals  of  the  diflferent  faces  of 
the  secondary  rhomboid.  One  of  these  sections,  for  in- 
stance, that  w  inch  passes  bv  the  diagonals  drawn  from  a  to 
/,  and  from  a  lo  ?/,  and  which  intercepts  the  solid  angle  z, 
coincides  with  the  lace  a  bdj'oi'  the  nucleus.  Now  there 
are  six  solid  angles  situated  laterally,  viz.  z,  c,  y,  on  one 
hand,  and  /,  7?i,  ii,  on  the  other.  We  shall  therefore  have 
six  sections  arranged  three  and  three  towards  each  summit; 
and  as  the  upper  solid  anoles  alternate  with  the  lower,  the 
sections  which  intercept  them  preserving  between  them- 
selves the  same  alternative,  will  cross  so  as  to  form  six 
rhombs,  which  will  give  the  surface  of  the  nucleus. 

In  order  to  conceive  the  structure  of  the  secondary  rhom- 
boid, let  us  resume  the  dodecahedron  with  rhonibic  planes, 
■which,  as  we  have  seen,  is  i)r()duced  by  virtue  of  a  decre- 
ment of  one  range  of  small  cubes  on  the  twelve  edses  of  a 
cubical  nucleus.  The  effect  of  this  decrement  in  genera!  is 
to  prcduce  on  both  sides  of  evcrv  edge,  like  0  0',  (fig.  19) 
two  triangular  faces  O  r  O',  O  t  O',  which  being  on  a  level 
form  a  rhnmb  O  r  O' /,  llie  small  diagonal  of  ^\hich  is  the 
edge  O  O',   uhich  has  served  for  the  parting  line. 

Let  us  now  imagine  that  the  nucleus  is  the  primitive 
rhomboid  a  b  a' J  {t\g.  18)  of  carbonated  lime.  Let  us  coii- 
ceive  besides  th^t  the  laminae  of  superposition  decrease  by 
one  range  of  small  rhomboids  similar  to  this  nucleus, 
but  sclely  on  the  three  edoes,  ab^  af,  an,  which  join 
around  the  summit  a,  and  on  those  which  correspond  with 
them  in  the  lower  part.  Then,  instead  of  twelve  rhombs, 
jio  more  than  six  will  be  formed,  the  ^mail  diagonals  of 
which  will  be  confounded,  as  In  the  other  case,  with  the 
edges  (/ /',  af,  an,  See. 

'I'he  oihtr  pans  of  the  laminae  of  superposition,  i.  e.  those 
which  are  situated  towards  the  lower  ediies  Z»<f,  df',fxy 
Sec.,  as  ihcy  do  not  participate  in  the  decrements,  will  also 
luulergo  scmie  variations,  but  which  will  tend  merely  to 
pr.iloug  the  facts  produced  by  these  decrements,  so  as  to 
make  iliem  intersect  each  other.  Hence  it  follows,  that 
the  Uniinje,  instead  of  preserving  the  fio'ure  of  the  rhomb, 
as  w-ould  happen  if  the  decrement  took  place  at  once  on  all 
the  edg'S,  will  pass  successively  in  proportion  as  they  shall 
become  more  remote  from  the  nucleus,  through  the  figure 
of  the  pentagon,  and  that  of  the  triangle.  The  develop- 
ment 
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ment  of  the  structure  will  assist  us  in  forming  a  clear  idea 
oi  these  xarialioiis. 

L<.t  n  bdf  (fig.  19  A)  be  the  same  rhomb  with  fio;.  ig, 
whai  wc  h.ave  to  sav  with  respect  to  this  rhombus  niav  be 
easilv  ap(iiied  to  the  five  others.  Suppose  it  to  be  divided, 
as  represented  in  fig.  IQ,  into  81  jiartial  rhombs,  which 
niav  be  considered  as  the.  external  facets  ct  so  many  mole- 
cules: hence  we  have  729  molecules  for  the  entire  nucleus. 

'I'he  fir>t  laniuia  ot"  suner[)osiiion  which  must  be  applied 
on  the  rtionib  a  b  dj\  wili  be  ihat  wtiich  we  see  in  fig.  16  B, 
•  in  which  U  /  Z  fi''  represents  the  grand  external  face,  and 
C  U  /  A',  XZ///,  the  two  small  superior  faces.  We  shall 
artai^rc  this  lamina  with  respect  to  the  face  a  b  d  f  (fiir-19A) 
so  that  the  point  //  may  be  blended  with  the  point  li,  the 
point  A'  with  the  point  A,  and  the  point  W  with  the  point 
B.  We  at  first  see  by  this  arrangement  that  the  two  su- 
perior ranges  of  the  face  abdf{iig.  19  .'^),  both  of  them 
continued  bclwen  the  lines  a  b^  Ah,  on  one  hand,  and 
aj,  B  //,  on  the  other,  remain  exposed  ;  w  hich  puts  in  ex- 
etuii'ii  the  law  of  decn-ment  l)v  one  ranee  of  molecules. 

The  lamina  in  question  is  a  pentagon  resultins  from  the 
retrenchment  of  the  three  small  rhomboids  destined  to  com- 
plete It  towards  the  ba>e.  This  retrenchnient  is  necessary, 
that  the  lamina  mav,  by  its  figure,  be  accommodated  to  the 
efiect  of  the  decrement,   as  we  shall  presently  explain. 

The  two  rauiies  of  rhomboids  situated  one  bv  one  oa 
both  sides  of  the  lines  Da',  Erf',  ('''-i-  B)  ^u'^  added,  in  or- 
der that  the  nucleus  mav  be  enveloped,  and  continue  to 
increase  towaids  the  edges  bd,  fd,  {\]<y.  19  A)  which  cor- 
respond with  these  lines.  These  two  ranges  being  suffi- 
cient for  filling  up  the  vacuuni,  we  perceive  that  it  is  not 
necessary  to  add  similar  ones  towards  the  adjacent  edges  of 
the  IdUiinae  of  superposition  applied  on  the  adjoining  faces. 
The  operation  will  indicate  of  itself  what  is  to  be  done  re- 
lative to  lliis  kind  of  additions. 

Fig.  19  C  represents  the  bccond  lamina  of  superposition, 
which  ought  to  be  applied  on  the  preceding  one  in  such  a 
way  that  the  points  i',  D',  E',  d,  may  be  confounded  with 
those  vKhich  are  marked  bv  the  saine  letters  (fiii.  ty  B).  As 
the  crystal  ought  to  assume  a  new  increment  towards  the 
edges  which  correspond  wnh  ¥  d' ,  Gd',  we  conceive  that 
instead  of  one  ranire  added  on  both  sides  of  the  lines  Dc?', 
\ld',  (fig.  19  .)  it  is  necessary  to  add  two  (fig.  I9  C)  on 
the  t\\o  .>idcs  of  the  lines  F d\  G d' . 

We  shall  place  successively  in  the  same  w  av  the  two  la- 

minaa 
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minae  represented  by  figures  19  D  and  1 9  E,  observing  that 
the  letters  marked  with  an  accent,  in  each  figure,  ought  to 
coincide  with  tlie  san)e  letters  not  accented  in  the  preceding 
ficvure. 

Beyond  the  term  which  answers  to  fisj.  19  E,  the  laminae 
of  superposition  cease  to  envelop  the  interior  edges  of  the 
crystal,  by  their  borders  {lords)  analogous  to  these  edges 
{aretes),  and  are  reduced  to  simple  triangles.  This  will  be 
easily  conceived  by  considering  tlie  laminae  repri-sented  by 
figures  19  E,  I9  G,  19  H,  the  positions  of  which  are  de- 
termined according  to  the  same  conditions  with  the  above. 

The  number  of  rhomboids  which  compose  the  different 
laminae  being  always  diminishing,  the  last  lamina  is  reduced 
to  a  simple  rhomboid  d'  (fig.  19  I),  which  will  attach  itself 
to  that  denoted  by  the  same  letter  (fig.  19  H),  and  will 
form  the  summit  of  one  of  the  lateral  solid  angles  of  the 
secondary  rhomboid. 

We  now  see  the  reason  why  the  laminae  of  superposition 
assume  figures  successively  pentaoonal  and  triangular  in 
issuing  from  the  nucleus.  For  example,  every  lamina  de- 
tached from  the  crystal  (fig.  18)  by  a  section  vvhich  passes 
between  the  angle  z  and  the  middle  of  the  lines  %t,z  u,  is 
necessarily  triangular,  and  has  the  same  structure  with 
F  t'  R'  (fig.  19  G),  i.  e.  it  is  really  embattled  {crenelee)  at 
its  basis  in  such  a  way,  that  the  imperceptible  furrows,  which 
exist  on  the  crystal  produced  by  Nature  at  the  basis  of  these 
kind  of  lamina,  are  on  the  prolongation  of  those  which  pro- 
ceed from  the  decrement  towards  the  edges.  There  are 
even  crystals  the  surface  of  which,  from  the  effect  of  a  less 
finished  crystallization,  exhibits  similar  furrows,  which  run 
over  the  whole  extent  of  the  faces  in  directions  parallel  to 
the  small  diagonals. 

Decrements  on  the  singles. — The  decrements  which  have 
ridges  {arttes)  for  parting  lines,  and  which  we  call  decre- 
ments on  the  borders  {lords),  would  not  be  sufficient  to  ex- 
plain all  tlie  diversities  of  form  presented  by  secondary 
crystals.  Observation  and  calculation  prove  that  we  must 
also  admit  of  decrements  which  have  angles  for  points  of 
separation,  and  the  action  of  which  is  applied  parallel  to 
the  diagonals.  We  shall  call  them  decrements  on  the  angles. 

In  order  to  enable  students  to  comprehend  the  method 
which  I  have  followed  in  mv  inquiry  into  these  new  de- 
crements, I  shall  rem.ark,  that  the  same  substances  which 
present  the  dodecahedron  with  pentagonal  planes,  origi- 
nating from  the  cube,  and  which  might  iu   the  same  way 
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assume  the  form  of  the  dodecahedron  with  .rhombic  planes, 
will  also  he  met  with  under  that  of  the  regular  octahedron. 
Now  it  ai^pears,  on  the  first  general  view,  that  it  is  possible 
to  refer  the  structure  of  this  octahedron  to  a  decrement  on 
the  edges  of  a  cube  :  f  ^r,  if  we  confine  ourselves  to  decreas- 
ing the  laminae  of  superposition,  merely  on  the  ed^es  of 
two  (tpposite  faces  of  tliis  lulie,  for  example,  on  th()se  of 
the  superior  base  A  BO  I  (fig.  2o),  and  of  the  inferior 
A' E' O' 1',  we  shall  have  in  general  two  pyramids  placed 
on  these  same  base'^ ;  and  if  we  suppose  besides  thai  the 
faces  of  each  pyramid  are  prolonged  until  they  meet  those 
of  the  other  pvramid,  which  doea  nothing  more  than  con- 
tinue the  eHect  of  the  law  of  decrements  m  the  space  situ- 
ated between,  the  l)ases  of  the  cube,  we  shall  arrive  at  an 
ociahedron,  the  antjles  of  which  will  vary  according  as  the 
law  shall  determine  a  more  or  less  considerable  number  of 
subtracted  rows.  But  theory  demonstrates,  that  there  i<i 
HO  law,  however  complex  we  may  supjjose  it,  which  is  ca- 
pable of  giving  equilateral  triangles  for  the  faces  of  this  oc- 
tahedron. 

On  tile  other  hand,  if  we  divide  a  regular  octahedron 
originating  from  the  cube,  we  perceive  that  the  cubical  nu- 
cleus is  situated  in  this  octahedron,  in  such  away  that  each 
of  the  six  solid  angles  of  the  first  answers  in  the  centre  of 
one  of  the  faces  of  the  second,  which  could  not  take  place 
in  the  hypothesis  of  a  decreujent  on  the  edges.  Fig.  £0  re- 
presents this  arrangement ;  and  we  mav  conceive  from  a 
simple  inspection,  that  in  order  to  obtain  the  nucleus,  we 
must  successively  lay  down  the  six  solid  angles  of  the  oc- 
tahedron bv  perpendicular  sections  on  the  axes  that  jiass  hv 
these  same  angles,  which  would  necessarily  be  parallel  to  ilie 
faces  of  the  cube. 

I  have  concluded  from  the  statement  of  the  position  just 
jnentioned,  added  to  the  impossibility  of  here  applyinor 
theoretical  calculation,  that  the  law  of  decrements  has 
attained  its  object  in  these  cases,  by  a  route  diHercnt  froni 
that  which  leads  to  the  forms  previously  descrilicd  ;  and  the 
ineiuiries  relative  to  this  object  have  developed  a  new  order 
of  facts  greatly  contributing  to  the  fecundity  of  crv^taljiza- 
tion,  and  at  the  same  time  to  that  of  the  tlieory. 

Let  O  I  I'  O'  (fig.  21)  be  one  of  ihe  faces  of  the  cubical 
nucleus,  subdivided  into  a  multitude  of  small  squares, 
which  shall  be  the  bases  ot  as  many  molecules.  We  mav 
consider  rous  or  files  of  molecules  in  two  difiVrcut  direc- 
tions, namely,  in  the  direction  of  the  edges,  like  the  row 
designated  by  the  letters  a,  n,  o,  /,  s\  Sco.,  or  in  the  direc- 
tion 
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tion  of  the  diagonals,  like  the  rows  one  of  which  is  de- 
signated by  a,  b,  c,  d,  e,f,  See;  the  other  by  n,  t,  I,  m, 
p,  o,  r,  s ;  a  third  by  </,  /;,  k,  u,  x,  y,  z,  &c.  See  fig.  22,. 
which  represents  separately  one  of  these  ranges  or  rows. 

The  molecules  of  ihe  ranges  parallel  to  the  edges  touch 
by  one  of  their  face?,  and  the  ranges  themselves  are  simply 
in  juxta-position.  The  molecules  of  the  ranges  ])arailel  to 
the  diagonals  touch  by  one  ridge  only,  and  the  rows  are  as 
if  dovetailed  into  each  other.  Now  it  seems  to  be  well  as- 
certained that  the  laminae  piled  up  on  the  faces  of  a  cubical 
or  other  nucleus_,  also  decrease  successively  in  several  cases 
bv  subtraction  of  these  ranges  parallel  to  the  diagonals. 

Here  the  faces  produced  in  virtue  of  the  decrement  are 
no  longer  simply  striated,  as  in  decrements  on  the  edges, 
but  are  full  of  points,  which  being  all  on  a  level,  and  es- 
caping the  eye  from  their  minuteness,  present  only  the 
aspect  of  a  plain  surface. 

Now  if  we  imagine  that  the  laminae  which  are  placed 
over  each  other,  issuing  from  the  faces  of  a  cube,  decrease 
by  a  single  row  on  all  the  angles  of  these  same  faces,  this 
decrenicni  will  produt-j  the  regular  octahedron,  the  mecha- 
nical division  of  which  we  have  explained. 

In  order  the  better  to  comprehend  this  result,  we  shall 
here  again  adopt  the  synthetical  method,  and  run  over  the 
series  of  laminre  of  superposition,  by  indicatiiig  the  auxiliary 
variations,  which  they  undergo,  and  which  assist  ihe  effect 
of  the  decrement,  to  which  every  thing  may  be  referred. 

Let  AEO  1  (rig,  23  A,  Pi.  W)  be  the  superior  base  of 
th«  nucleus  subdivided  into  SI  small  squares,  or  facets  of 
molecules.  What  we  arc  about  to  say  relative  to  this  base 
nisy  equally  be  applied  to  the  five  other  faces  of  the  cube. 

Fig.  23  3  represeiUs  the  first  lamina  of  superposition, 
which  should  be  placed  above  A  EO  I  (fig.  23  A),  in  such 
a  manner  that  the  point  e'  answers  to  the  point  e,  the  point 
a  to  the  point  a,  the  point  o'  to  the  point  o,  and  the  point 
i'  to  the  point  t.  We  sec  in  the  first  place  by  this  arrange- 
ment, that  the  squares  Ee,  Aa,  Oo,  If,  (fig.  A)  remain 
empty  ;  which  is  the  initial  effect  of  the  law  of  decrement 
alluded  to.  We  see  moreover  that  the  edges  OV",  PN, 
L  C,  FG,  (fig.  B)  exceed  by  one  row  the  edges  EA,  EO, 
O  I,  T  A,  (fig.  A)  as  this  is  necessar^'  that  the  nucleus  may 
be  enveloped  towards  the  same  edges,  and  that  the  solid 
may  increase  as  usual  in  the  jarts  to  which  the  decrement 
does  not  extend. 

The  superior  face  of  the  second  lamina  will  be  similar 
toBKHD,  (fig.  23  C)   and   it  will  be  necessary  to  place 

this 
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this  lamina  above  the  preceding,  in  such  a  manner  that  the 
points  e',  a",  i',  o',  may  answer  to  the  points  e',  a%  i',  o', 
(fig.  B)  leaving  the  squares  empty  which  have  their  exter- 
nal angles  situated  in  Q,  S,  R,  P,  V,  T,  M,  G,  &:c.,  and 
continuing  to  efft-ct  the  decrement  by  a  row.  We  also  see 
here  that  the  solid  increases  successively  towards  the  analo- 
gous edges  at  E  A,  EO,  A  I,  O  I,  (fig.  A)  since  between 
13  and  H,  for  example,  (fig.  C)  there  are  thirteen  S(]uares, 
instead  of  there  being;  only  eleven  between  QV  and  LC, 
(fig.  B)  ;  but  as  the  effect  of  the  decrement  confines  more 
and  more  the  surface  of  the  laminae  in  the  direction  of  the 
diagonals,  nothing  else  is  wanted  than  to  add  towards  the 
unchanging  edges  a  single  cube  denoted  by  B,  K,  H,  or  D, 
(fig.  C)  instead  of  the  five  which  terminate  the  preceding 
lamina,  along  the  lines  OV,  PN,  LC,  FG,  (fig.  B.) 

The  great  faces  of  the  laminae  of  superposition  w  hich 
were  hitherto  octagons  OVGFCLNP,  (fig.  B)  having 
reached  the  fitjure  of  the  square  B  K  H  D,  (fig.  C)*  will, 
after  passing  this  point,  decrease,  so  that  the  following  la- 
mina will  liavc  for  its  great  superior  face,  the  square  B'  K' 
H'  D',  (fig.  D)  which  is  less  by  one  row  in  every  direction 
than  the  square  BKHD  (fig.  Cj :  we  shall  dispose  the 
first  above  the  second,  so  as  to  make  the  points  c  /'  li  ^ , 
(fig.  D)  answer  to  the  points  c,f^  k,  g,   (i]g.  C.) 

Figures  E,  F,  G,  H,  represent  the  four  lamince  which 
ought  successively  to  rise  above  the  preceding,  with  tliis 
condition,  that  the  similar  letters  correspond  as  above.  The 
last  lamina  will  be  reduced  to  a  simple  cube  denoted  hyz', 
(fig.  I)  and  which  ought  to  rest  on  that  represented  by  the 
same  letter  (fig.  H). 

It  follows  from  what  has  been  said,  that  the  lamins  of 
superposition,  when  applied  on  the  base  EAIO,  (fig.  A) 
produce,  by  the  assemblage  of  their  decreasing  edges,  four 
faces,  which,  issuing  from  the  points  E,  A,  I,  O,  are  in- 
clined towards  each  other  under  the  form  of  a  pvramidal 
summit. 

We  must  now  remark  that  the  edges  in  question  have 
lengths  which  comn)ence  by  increasing,  as  we  mav  observe 
by  inspecting  figures  B  and  C,  and  then  proceed  to  diminish, 
as  we  n)ay  judge  by  the  following  figures.  Hence  it  results 
that  the  faces  produced  by  these  same  edges  go  onenlar{rin<r 
from  their  origin  to  a  certain  point ;  and  when  past  this, 
they  begin  to  contract  themselves  so  as  to  constitute   two 

*  In  the  present  ca.se,  this  fi^i're  takes  place  at  the  second  lamina  of  su- 
perposition. On  taking  a  nucleus  composed  of  a  grc:iter  r.umber  of  iiiole- 
cule=,  it  is  evident  that  we  sliouid  iiave  a  more  remote  limit. 

triangle? 
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triangles  joined  base  lo  base,  or  a  quadrilater.  We  se« 
(fig.  24)  one  of  these  quadrilaters,  and  in  which  the  in- 
ferior angle  o  is  blended  with  the  angle  O  of  the  nucleug 
(fig.  2.'))  and  the  diagonal  t  x  represents  the  edge  H  K. 
(fig.  23  C)  of  the  lamina  B  K  H  D,  which  is  the  most  ext 
tensive  in  the  direction  of  this  ^aine  edge.  As  the  num- 
ber of  the  laminte  of  superposition  producing  the  tri- 
angle <  o  j:  (fig.  24)  is  less  than  thai  of  the  laminae  con- 
stituting the  triangle  t  o  x,  and  as  there  is  here  only  a  single 
lamina  which  ))rcvedes  the  lamina  B  K  H  D,  (fig.  C) 
•while  there  are  six  wliich  follow  it  as  far  as  the  cube  z 
(fig.  T)  inclusivclv,  the  triangle  t  s  x,  (riii;.  24)  composed  of 
the  aggregate  of  the  borders  of  these  last  lamina;,  will  be 
much  higher  than  the  inferior  triangle  /  ox,  as  expressed 
by  the  figure. 

The  su'-face  of  the  secondary  solid  will  therefore  be 
formed  of  24  quadrilaters,  disposed  three  and  three  around 
each  solid  angle  of  the  nucleus:  but  as,  in  decrements  by  a 
simple  range  on  all  the  edges,  the  faces  produced  on  both 
sides  of  each  edge  are  on  the  same  plane  ;  so  in  decrements 
by  a  range  on  all  the  angles,  the  faces  which  originate  in 
the  three  sides  of  each  solid  angle,  such  as  ()  (fig.  20),  are 
on  a  level  so  as  to  form  but  one  face:  and  since  the  cube 
has  eight  sqlid  angles,  each  composed  of  three  plain  angles, 
the  secondary  crystals  will  have  eight  faces,  which,  on  ac- 
count of  the  regularity  of  the  nucleus,  will  be  equilateral 
triangles,  ?'.  e.  the  secondary  crystal  will  be  a  regular  octa- 
hedron. One  of  these  triancjies  is  represented  at  fig.  2f), 
so  as  to  enable  us  to  judge,  at  a  single  glance,  of  the  ar- 
rangement of  the  cubes  which  concur  in  forming  it. 

Ttiis  level  of  faces  produced  by  subtractions  of  a  range 
from  both  sides  of  the  same  edge,  or  around  the  same 
solid  angle,  is  a  oeneral  result  of  the  crystallization  which 
takes  place  for  any  prin)itive  form  whatever. 

The  circumstance  just  considered,  and  which  occurs  in 
muriated  soda,  sul|)huretted  iron,  sulphuretted  lead,  &c., 
affords  a  new  example  of  a  form  which,  although  primitive 
in  certain  species,  performs  in  others  the  function  of  a 
secondary  one.  Theory  thus  traces  the  limit  that  separates 
objects  which  t!\e  e\e  would  be  tempted  to  confound. 

If  decrements  had  not  their  complete  effect,  that  is  to 
say,  if  thev  stopped  short  of  the  limit  where  the  faces  they 
produce  incline  to  unite  in  a  point,  some  faces  parallel  to 
those  of  the  nucleus  would  remain  on  the  secondary  crystal. 
The  first  woukl  then  have  fourteen  faces,  namely,  six  ar- 
ranged like  those  of  a  cube,  and  eight  situated  like  those  of 

a  regular 
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a  regular  octahedron.  Nothing  is  more  common  in  crystals 
of  sulphuretted  iron  than  this  modification,  to  which  we 
give  the  name  of  cubo- octahedral  sulphuretted  iron. 

Here  the  remark  again  occurs  wiiich  we  made  with  re- 
spect to  decrements  on  the  edges.  Jf  we  confine  our  con- 
sideration to  the  immediate  effects  of  decrements  on  the 
angles  of  two  opposite  faces,  for  example,  on  those  of  the 
bases  A  E  O  I,  A'  E'  O'  V,  (fig.  20)  and  if  we  subsequently 
imagine  the  eight  faces  to  which  these  decrements  give  ex- 
istence, are  prolonged  between  the  bases  to  the  point  of 
intersecting  each  other,  the  result  will  always  be  a  regular 
octahedron,  supposing  that  the  decrements  attain  their 
limit. 

If  the  law  of  these  decrements  followed  a  more  rapid 
course,  i.  e.  if  more  than  one  course  was  subtracted,  then 
the  three  trapezoids  s  t  o  x,  mt  or,  nr  o  x,  (fig.  25)  which 
would  be  formed  around  the  same  solid  angle,  would  no 
longer  be  on  a  single  plane;  they  would  incline  towards 
each  other,  and  the  secondary  solid  would  have  twenty-four 
faces  which  would  also  be  trapezoids,  but  with  angles  of  a 
different  measure. 

The  trapezoidal  analcime*  has  a  structure  of  this  kind 
which  depends  on  a  decrement  by  two  courses  on  all  the 
angles  of  the  primitive  cube.  The  form  which  results  is 
completely  similar  to  that  of  the  trapezoidal  garnet ;  but 
this  resemblance  is  only  exterior,  and  conceal's  a  primitive 
form  quite  different  from  that  of  the  garnet,  this  last  being 
the  dodecahedron  wiih  rhombic  planes. 

Let  us  now  choose  for  a  primitive  form  the  rhomboid 
represented  by  figure  27,  which  differs  from  the  cube  iu 
being  a  little  more  acute. 

Suppose  that  the  lamina  which  adhere  over  all  the  face* 
of  this  rhomboid  decrease  solely  on  the  angles  contis^uous 
to  the  summits  A,  O',  and  that  this  decrement  takes  place 
by  two  ranges;  then,  instead  of  twenty-four  faces  no  more 
than  six  will  be  formed  ;  and  if  we  conceive  them  prolonged 
until  they  meet,  they  will  compose  the  suriace  of  a  very 
obtuse  rhomboid,  which  will  be  the  secondary  form. 

Fig.  28  represents  this  latter  rhomboid  with  its  nucleus. 
Wc  there  see  that  its  summits  A,  O'  are  blended  with  those 
of  the  primitive  rhoniboid,  which  are  the  partinor  limits  of 
the  decrements,  and  that  each  of  its  faces,  such  as  Aeoiy 

*  Of  analcime  (i.  e.  impotent)  Haiiy  has  discovered  only  two  species,  the 
A.  trapez'iidal  and  A.  the'poiuh'i  the  i.iUer  is  the  uw/d  zcollih  of  Weraer,  and 
cubic  zeolite  of  Brochaut. — Trans, 

corresponds 
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corresponds  with  one  of  the  laces  A  COT  of  the  nucleus^ 
in  such  a  manner  that  the  dia^oivtl  \\hich  passes  hv  the 
points  e,  I,  is  parallel  to  that  whicli  goes  Iroin  K  to  1,  and 
has  merely  a  more  ekvaieti  positiDn. 

Observation  shows  that  ihis  result  is  reali'/ed  by  crystal- 
lization in  a  variety  of  oligiste  irj)n  (specular  iron  ore),  which 
bears  the  name  of  binary  oUifisfe  iron. 

The  decrements  which  take  place  on  the  an^jp,  whether 
superior  or  mferior,  are  susceptible  of  several  variations,  on 
which  it  is  prt^per  to  give  some  details.  I  shall  attempt  to 
Represent  these  variations  by  the  aid  of  a  graphic  method, 
which  will  facilitate  its  comprehension. 

Let  G  or  (fig.  59)  be  any  given  rhontboid  uhich  has  its 
sumnjils  in  S  and  5,  let  ^  n'  s  G'  (fig.  So)  be  a  quadrilater 
taken  on  the  obli(]ue  diagonals  S^"',  G\$,  of  two  opposite 
faces,  and  on  the  edges  S  G",  sg',  coniprised  betwien  these 
diagonals.  This  quadrilater,  which  1  call  the  principal  sec- 
tion of  the  rhomboid,  is  here  subdivided  into  a  multitude 
of  similar  small  quadrilaters,  which  represent  the  principal 
sections  of  so  nianv  molecules  :  lasily,  letSG^'G'  (fig. 
31)  be  the  same  face  as  figure  29,  subdivided  into  facets 
of  molecules.  If  we  suppose  that  the  angle  g"  undergoes  a 
decrement  by  a  simple  course,  the  small  rhomboid  which 
answers  to  n  0  g"  z,  on  the  first  lamina  of  superposition,  will 
be  subtracted  ;  whence  it  follows,  that  the  edge  of  this  la- 
mina will  have  the  direction  o  z,  and  the  distance  between 
the  angle  g',  wliich  is  the  parting  line  of  decrement,  and 
the  same  edge,  will  be  measured  by  an  oblique  demi-diago- 
nal  g"  r  of  the  molecule. 

If  the  dccren>ent  takes  place  by  two  cou'rses,  in  which 
case  the  edge  of  the  first  lamina  of  superposition  will  cor- 
respond with  cd,  the  distance  in  question  will  be  measured 
by  an  entire  (»bliquc  diagonal  g"  n  of  the  molecule.  Thence 
we  shall  conclude,  that  in  general,  in  decrements  on  the 
angles,  the  distance  between  one  lamina  and  the  succeed- 
ing, which  is  the  same  with  that  between  the  point  of  de- 
parture and  the  edge  of  the  first  laniina,  is  equivalent  to 
as  many  demidiagonals  of  this  molecule  as  there  are  courses 
subtracted  ;  whereas,  in  the»lccrements  on  the  edges,  the 
distance  between  two  consecutive  laminae  contains  a  num- 
ber of  entire  breadths  of  the  molecule  equal  to  the  number 
of  courses  subtr.icted. 

This  being  done,  let   us   conceive  a  decrement  by   two 
courses  on  the  angle  ^".  In  this  case  the  quadrilater  neap, 
(fi<r.  30)  being  a  segment  made  on  the  first  lamina  of  su- 
perposition. 
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perpo.?ition*,  the  decn  a-»ing  edge  of  this  lannna  will  coin- 
cide u'iih  the  small  ^d^z;^  e  ri,  since  g  n  is  ihe  same  diagonal 
as  Hg.  31 .  Thus  it  we  draw  the  straiiiht  hne  g'  e  h,  \X.  will 
be  found  to  rest  on  the  tace  produced  by  the  decrement. 
Now  in  this  case  g  k  is  parallel  to  ihe  axis  S  .?,  as  denKm- 
strated  by  the  help  of  geometry;  whc^ice  it  follows,  that 
the  secondary  faces  arc  arranged  like  the  panes  of  a  prism. 

If  th§  decrement  fol'o^ved  a  n\ore  rapid  progress,  as  rf  it 
took  filace  bv  four  cour'^r?.  ni  which  ca^e  the  edsce  of  the 
first  lamina  of  superposiiion  would  coincide  with  the  line 
y  q,  then  the  line  g  q^'  wotild  indicate  the  position  of' 
tiie  faces  produced  ov  the  decrement ;  whence  \ve  see  that 
they  would  rise  above  those  of  the  nucleus,  and  woirld 
compose  the  surface  of  a  rhomboid  more  acute  than  this 
nucleus. 

If,  on  the  contrary,  the  decrement  ttmk  place  in  heightj 
then  the  line  u  g"  s\  which  we  suppose  to  indicate  the  po- 
sition of  the  faces  produced,  would  be  thrown  towards  the 
infi:rior  part  of  the  axis  :  hence  we  conclude,  that  in  this 
case  the  faces  of  the  secondary  crystal,  which  would  always 
be  a  rhomboid,  would  he  found  situated  in  a  direction  con- 
trary to  those  of  the  nucleus,  i.  e.  they  would  be  turned 
towards  the  edses  of  the  latter. 

The  hypothesis  of  a  decrement  by  two  courses  in  heiffht 
here  gives  us  a  remarkable  result,  which  consists  in  the 
secondary  rhom.boid  beincr  absolutely  similar  to  the  nucleus. 
We  shall  see,  when  speaking  of  certain  varieties  of  quartz 
and  of  tou-maline,  that  bv  confiiiing  ourselves  to  the  con- 
sideration of  certain  facets  talcen  among  those  which  limit 
them,  and  bv  supposing  these  facets  prolonged  until  they 
intersect  each  other,  we  sl^uld  have  one  of  those  imita- 
tions of  the  primitive  form  givtn  bv  a  law  of  decrement. 

Let  us  [)ass  to  the  superior  angle  S,  and  suppose  at  first ' 
a  single  course  subtracted.  If,  from  the  middle  t  of  the 
oblique  diagonal  Sp  we  raise  t  x  parallel  and  equal  to  p  a, 
this  line  will  be  laid  on  the  edge  ot  the  first  la4nina  of  su- 
perposition, since  the  distance  between  the  -nigle  S  and 
this  edge  is  equal  to  an  obliqe  semi-diagonal  of  the  mole- 
cule. The  line  S  x  k  will  therefore  be  confounded  with  the 
face  produced,  which  will  be  perpendicular  to  the  axis. 

A  decrement  more  rapid,  sucti  as  that  which  take?  place 
by  two  courses  in  breadth,  would  give  taces  inclined   like 

*  We  take  no  notice  here  of  the  manner  in  which  this  segment  is  termi- 
nated in  its  superior  part  ap,  and  only  consider  ihe  part  siiuaced  Cowards 
the  angle  ^'. 
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the  line  S  ai:  i.  e.  the  secondary  crystal  would  be  a  rhom- 
boid turned  like  the  nucleus,  and  more  obtuse.  This  case 
IS  that  of  the  binary  oligiste  iron  inentioncd  above. 

Lastly,  Can  decren)tnt  take  place  in  height  ?  In  this 
case  the  faces  produced,  one  of  which  is  regarded  as  cor- 
responding to  the  line  K  S  m,  will  be  rejected  from  the 
other  side  of  the  axis;  whence  it  is  easy  to  see  that  tliey 
will  incline  towards  the  edges  of  the  nucleus,  in  such  a 
manner  that  the  secondary  rhomboid  will  have  a  position 
reversed  with  respect  to  that  of  this  nucleus, 

Crvstallization  presents  some  examples  of  these  difTerent 
results.  Those  which  relate  to  the  two  limits  given  by  parallel 
positions,  or  perpendicular  to  the  axis,  are  constant,  i.  e. 
they  take  place  with  respect  to  all  possible  primitive  rhom- 
boids. In  the  other  cases  the  inclination  of  the  faces  pro- 
duced by  the  same  decrement  varies  according  to  the  angles 
of  the  primitive  rhomboid. 

The  strise  and  striges  on  the  faces  of  secondary  crystals, 
when  the  operations  of  nature  have  not  attained  the  per- 
fection of  which  they  are  capable,  frequently  indicate,  by 
their  directions,  those  which  follow  the  edges  of  the  laminas 
of  superposition  j  and  these  accidents,  which  confirm  the 
theory  in  bodies  capable  of  mechanical  division,  may  also 
show  the  progress  of  ciystallization,  and  the  direction  of 
the  component  laminae  in  those  which  are  incapable  of 
mechanical  division,  and  assist  us  in  catching  by  analogy 
the  form  and  position  of  the  nucleus,  which  otherwise 
might  escape  observation.  We  should,  however,  use  with 
caution  the  indications  furnished  by  these  accidents,  since 
it  sometimes  happens  that  the  surface  of  the  nucleus  itself 
is  striated.  This  singularity  se'nvs  to  be  the  effect  of  an 
imperfect  decrement,  which  experiences  such  great  inter- 
ruptions, that  the  faces  resulting  from  it  sensibly  coincide 
with  the  primitive  faces.  In  like  manner,  it  is  not  im- 
possible that  the  faces  of  a  secondary  crvstal  may  have  striae 
in  a  direction  different  from  that  which  ought  to  result 
from  the  progress  of  the  decrements.  But  there  are  cases, 
such  as  those  of  certain  garnets  with  24  trapezoids,  in  which 
the  striae  are  so  palpable  as  to  show  plainly  the  mechanism 
of  the  structure. 

[To  be  continued.] 
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XXXI.  Proceedings  of  Learned  Societies, 

PROCEEDINGS  OF  THE  FRENCH  NATIONAL  INSTITUTE 
FOR  THE  YEAR   ISOS. 

J-  HE  Institute  held  its  anniversary  on  the  2d  of  January 
1S09  ;  the  following  being  the  order  of  their  proceedings. 

1st.  Proclamation  of  the  questions  proposed,  and  prizes 
adjudged  by  the  class.  2d.  Historical  tulogy  on  M.  Lassus, 
by  M.  Cuvier,  perpetual  secretary.  3d.  Memoir  chi  the 
navigation  of  the  ancients,  by  M.  Buache.  4th.  Historical 
eulogy  on  M.  Berthoud,  by  M.  Dclambre,  peroeiual  se- 
cretary. 5th.  Memoir  on  the  levelling  of  plains  by  means 
of  the  barometer,  by  M.  Ramond.  6th.  Historical  eulo- 
gium  on  M.  Ventenat,  by  JM.  Cuvier,  perpetual  secretarv. 
7th.  Memoir  on  the  means  of  facilitatiug  the  victuallinof  of 
fleets  in  Brest  roads  by  navigable  canals,  by  M.  Rochon. 

The  Class  of  Sciences  had  proposed  as  the  subject  of  a 
prize,  to  be  awarded  on  the  present  occasion,  '^  The  theory 
of  the  perturbations  of  the  planet  Pallas,"  discovered  by 
]M.  Olbers,  or  in  general  the  theory  of  the  planets,  the  ec- 
centricity and  incluiation  of  which  are  too  considerable  to 
admit  of  our  calculating  the  perturbations  with  sufficient 
exactness  by  the  methods  at  present  known.  In  order  to 
confine  ourselves  on  so  difficult  a  subject  to  what  is  in- 
dispensable, analytical  formulae  only  are  requisite,  but  ar- 
ranged in  such  a  manner  that  an  intelligent  calculator  niav 
apply  them  with  cenaiuty,  either  to  the  planet  Pallas,  or 
to  any  other  subsequent  discovery. — The  class  has  received 
no  memoir  ;  and  if  we  reflect  on  the  ditHcultv  of  the  pro- 
blem, it  will  not  appear  astonishing.  But  as  the  question 
proposed  is  of  the  greatest  interest  with  respect  to  the  gene- 
ral theory  of  planetary  perturbations,  and  as  it  is  to  be  pre- 
sumed that  leisure  niore  than  good  will  is  wanting  to  ge- 
ometricians capable  of  treating  this  question,  the  class  has 
thought  proper  to  renew  the  subject  for  the  prize  to  be  de- 
cided in  January  181 1.  The  prize  has  been  doubled  ;  beino" 
a  medal  of  the  value  of  6000  francs.  The  papers  on  the 
subject  will  not  be  received  after  the  1st  of  October  IS  10. 

The  natural  history  of  animals  has  latelv  received  from 
comparative  anatomy  some  valuable  additional  lights,  which 
liave  wonderfully  improved  the  science  of  zoology,  parti- 
cularly from  the  description  of  the  principal  organs  in  se- 
veral families,  the  oeconomy  of  which  was  almost  entirely 
unknown  in  the  middle  of  the  last  centurv.     The  Institute 
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thinks  to  perform  a  service  to  the  caiiseQf  science. by  pnint- 
ino;  out  to  anatomists  t1ie  orders  or  sjeiiera  Respect ing  which 
it  is  important  to  be  in  possession  ot  tnriher  information, 
and  with  this  view  has  cho>.en  the  foUawing  as  the  plnze 
question  :  "  Ascertain  if  there  exi'sts  «  circulation  in  the 
animals  known  by  the  name  of  asterice^  or  sea  stars;  echini,, 
or  sea  hedgehogs  ;  and  Ao/o//Vm/7'(^,  or  sea  priapi  :  rfnd  in 
the  event  ot  a  circulation  existing,  dfescrihc  its  progress  a«d 
the  crrrans  connected  with  it." 

This  description  will  probably  be  accompanied  with  ob- 
^Servations  made  on  livino;  animaU,  ai>d  take  a  view  of  the 
Vessels  of  the  onraus  of  respiration,  i.'  thete  are  peculiar 
organs  of  this  descnptioT),a5  weM  as  tlu)se  of  the  great  cir- 
culation. It  would  also  be  proper  to  examine  the  chemical 
effect  of  respiration  on  air  and  vwiter.  This  is  not  an  in- 
dispensable requisite,  however.  The  examination  of  one 
?pccies  onlv  in  each  of  the  three  families  is  expected  ;  but 
it  IS  requisite  that  it  should  be  profound,  and  accompanied 
bv  intelligible  drawings.  The  prize  offered  is  3000  francs, 
and  the  competitors  nuist  give  in  their  memoirs  on  or  be- 
fore the  1st  of  October  18H>.  The  prize  will  be  publicly 
•awarded  on  the  first  Monday  in  January. 

A  prize  had  been  last  year  offered  for  an  investigation  of 
the  causes  of  the  various  kinds  of  phosphorescence  ;  but  so 
manv  memoirs  were  Iransniitted  on  the  subject,  and  they 
were  so  full  of  experiments,  that  the  committee  appointed 
to  decide  on  their  merits  have  postponed  delivering  their 
opinion. 

'  M-'deLalande,  on  offering  a  medal  to  the  author  of  the 
^ie"\vest'and  most  curious  observkti'.Hi,  was  well  aware  that 
it  could  not  be  awarded  every  year  to  discoveries  so  brilliant 
'Ki  those  of  the  planets  perceived  by  Messrs.  Piazzi,  Olbers, 
■and  Harding:  he  has  therefore  desired,  that  when  there 
were  no  obscvations  of  so  much  interest,  the  medal  should 
be  sivcn  to  the  author  of  the  be-t  memoir  on  any  astrono- 
'mical  subject;  and  if  there  should  be  no  such  memoir,  he 
-expressed  a  wish  that  the  recompense  in  question  should  be 
!Cranted  to  atiy  pupil  who  has  demonstrated  ;?eal,  constancy, 
and  perseverance,  in  the  study  of  asirononiv. 

The  Institute,  to  whose  lot  it  has  not  fallen  this  vear  to 
commemorate  a  newly-dt?;covered  planet,  or  to  reward  a 
memoir  of  anv  interest,  has  profited  by  bestowing  the  nie- 
<lal  as  an  encouragement. 

MM.  Arago  and  Mathieu  were  the  two  astronomers  who 
were  considered  as  having  the  best  claims  to  this  gratuity. 

The  former   had  been  long  employed  as  assistant  to 
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M.  Bouvard  in  the  Imperial  Observatory,  and  was-  sent 
with  M.  Biot  to  Spain,  where,  by  huuself  and  in  conjunc-^ 
tiou  with  that  gentleman,  he  measured  the  ahitude  ot  the, 
pole,  th€  aziuiuth,  the  length  of  the  pendulum,  some 
grand  triangles,  and  executed  siiccesslullv  the  njost  delicate, 
operations  of  astronomy. 

M.  Arago,  having  been  made  prisoner  in  the  course  of. 
bis;  travels,  escaped  from  Majorca,  and  took  refuge  in  Al- 
giers, hut  was  again  taken  in  a  Spanish  vesi^ei,  when  re- 
turning to  France  in  an  Aigejine  si.^op,  and  carried  pri- 
soner to  Palamos,  near  Rosas,  from  which  place  we  hope 
he  will  be  relieved  by  the  victorious  French  arms. 

M.  Mathieu,  who  sujijjlied  M.  Arago's  place  in  th^ 
Observatory  when  the  latter  went  to  Spam,  and  \t\\o  after- 
wards, when  sent  to  Jourdeaux,  Figeac,  and  Clermont, 
7iiea*Lired  at  these  three  siaiions,  m  company  with  M.  Biot, 
the  leniith  of  the  pendulum,  is  now  occupied  at  Dunkirk; 
hi  similar  operatioiis. 

In  decidmg  on  the  claims  of  these  two  gcntleimen,  th^ 
Institute  reflected  that  M.  Arago  had  recently  received^ 
more  lastiTig  re- ompense  for  his  services  in  being  appointed 
to  the  Board  of  L-miiitudt.  The  medal  has  therefore  been 
adjudged  to  M.  Mathieu,  as  an  encourageni;;nt  to  proceed 
With  his  scientific  labours. 

Analysis  of  the  'Labours  of  the  Class  of  Mathematical  and 
Physical  ScitPtes.  By  Ai.  Delamelie. 

The  history  of  the  Class  of  MHthentatical  Sciences  this 
year  aBords  a  remarkable  circumstance, — one  of  the  most 
difficult  and  imporunt  points  o[  the,  nmndaue  system  treated 
with  the  same  success,  although  by  very  dift'erent  methods, 
by  two  geometricians  of  the  lTr>t  rai^k,  who  arrive  bv  va^ 
nous  routes  al  the  same  conclusion,^ — a  circumstance  not 
less  vvortbv  of  attention  :  the  idea  of  this  li^bour  occui;j-ed 
to  them  on  the  Qec;\si,ot,i  of  a  memoir  not  less  in_teres;ting, 
read  to  the  class  by  a  young  giMHTietrician,  who,  it>  the 
first  steps  of  his  career,  has  prqv^d  hi H^^eU  3;  ^^  associate 
lor  his  superiors  in  years. 

These  mutual  succours  afforded  by  men  of  science  tp 
each  other,  which  produce  others  not  Ifss  foiiunaie  and 
frequently  easier,  are  advantages  peculiar  to  the  niaibqniati- 
cal  sciences  over  general  literature.  In  ihc  tV<rmer  branch 
of  literature  a  new  truth,  anejeuant,  theoretu,  is  like  a  light- 
house, which  exhibits  its  lustie  at  c^  distance,  ai>(^  renders 
praclicablej  routes  which  were  thought  impervious.- 
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In  Older  to  give  an  idea  of  the  three  memoirs  which  we 
are  about  to  mention,  it  is  necessary  to  recur  to  a  remote 
sera  in  the  history  of  science. 

Astronomers  had  iemari<ed  a  sensible  acceleration  in  the 
course  of  the  moon  :  the  other  planets  and  the  earth  might 
consequently  have  a  sinnlar  although  less  rapid  acceleration 
in  their  motions.  This  question  may  perhaps  appear  indiffe- 
rent to  those  who  are  not  aware  of  its  consequences.  If  the 
earth  be  accelerated,  it  must  be  owins;  to  its  closer  approach 
to  the  centre  of  motion;  and  if  so,  will  it  not  end  by  being 
precipitated  on  the  sun  ?  This  danger  to  be  sure  is  far  di- 
stant. If  this  acceleration  existed,  it  wou'd  be  prodigiously 
slow,  and  it  would  not  be  until  after  an  almost  infinite  num- 
ber of  centuries  that  the  catastrophe  could  happen,  suppos- 
ing it  to  be  p  )ssible ;  for  it  is  proved  by  the  example  of  the 
moon,  that  the  acceleration  only  lasts  a  certain  time,  and  af- 
terwards becomes  slower:  but  although  future  generations 
have  nothing  to  fear  from  this  event,  and  if  the  planet,  after 
coming  closer  to  the  sun,  afterwards  removes  from  it,  it 
must  nevertheless  be  confessed  that  the  question  is  not  less 
important :  it  peculiarly  interests  those  astronomers  who 
suppose,  in  all  their  calculations,  an  invariability  of  the 
ellipses  described  by  the  planets. 

M.  La  Place  was  the  first  who  examined  this  question. 
By  a  learned  but  simply  approximative  calculation  he  attained 
this  result,  ascertaining  that  the  axes  and  mean  movements 
are  in  reality  invariable,  at  least  v\hen  we  consider  them  as 
the  first  powers  of  the  masses  onlv,  and  the  second  of  the 
eccentricities  and  inclinations ;  which  is  already  sufficient 
for  tranquillizing  astronomers  with  regaid  to  the  fate  of  our 
planet,  or  rather  wirh  regard  to  their  tables. 

M.  Lagrange,  struck  with  this  conclusion,  endeavoured 
to  extend  it  ;  and  by  a  curious  theorem  he  proved  the  pro- 
position to  be  correct,  even  on  considering  all  the  succes- 
sive powers  of  the  eccentricities  ;  but,  in  common  with 
M.  La  Place,  he  had  only  considered  in  the  masses  the 
terms  of  a  single  dimension. 

Could  the  terms  of  the  two-dimensions  produce  an  ac- 
celeration? It  would,  indeed,  be  much  slower:  but  the 
question  deserved  examination,  and  this  was  undertaken  by 
M.  Poisson.  The  calculation  was  uninviting  on  account 
of  its  length  ;  it  required  all  the  resources  of  analysis,  and 
the  knowledge  of  all  the  laws  of  tlie  celestial  motions  :  it 
required  a  peculiar  degree  of  attention,  and  a  penetrating 
eye,  which  at  the  first  glance  should  be  able  to  perceive 
all  the  forms  that  couid  be  assumed  by  a  complex  expres- 
sion. 
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«k)n,  anJ  a  mind  capable  of  devising  a  shorter  and  more 
certain  road. 

Such  arc  the  qiialificati(^ns  which  M.  Poisson  has  dis- 
p^ayed,  By  these  njeans  he  has  attained  the  interesting 
theorem,  that  the  products  of  the  two  dimensions  of  the 
masses  do  not  furnish,  in  the  successive  integrations,  any 
term  which  gives  a  sccnlar  equation  or  an  acceleration  in 
motion.  This  is  enough  even  for  astronomers ;  it  is  de- 
monstrated that,  if  this  acceleration  exists,  it  can  only  de- 
pend on  terms  of  4,  6,  and  8,  i.  e.  absolutely  insensible 
dimensions;  which  assures  us  of  tlic  stability  of  the  plane- 
tary system.  The  question  at  present  therefore  offers  no 
real  interest,  if  there  be  not  an  analytical  difficulty  to  over- 
come, which  is  still  sufficient  to  excite  the  emulation  of 
geometricians. 

M.  Poisson,  in  order  to  obtain  his  theorem,  had  only 
pushed  the  approximation  to  the  terins  affected  of  the 
squares,  or  of  the  products  of  the  masses  :  having  regard 
to  the  variation  of  the  elements  which  M.  Lagrange  had 
regarded  as  constant,  he  knew  how  to  give  to  the  terms 
which  form  the  second  aj)proximation,  a  disposition  which 
admitted  of  demonstrating  that  none  of  these  terms'can 
give  to  the  grand  axis  a  term  proportional  to  the  time.  The 
terms  which  ought  to  proceed  from  the  variations  of  the 
eleinents  of  the  perturbing  planets  escaped  this  analysis  ; 
but,  by  ingenious  methods  founded  on  a  method  of  M.  La 
Place,  M.  Poisson  has  proved  that  tliese  kinds  of  terms 
cannot  produce  in  the  grand  axis  any  variation  which  in- 
creases as  the  time  does. 

In  geometry  in  particular,  the  route  by  which  we  attain' 
for  the  first  time  a  difficult  discovery  is  rarely  the  shortest 
aiid  most  direct.  There  are  propositions  the  truth  of  which 
is  apparent  without  our  being  able  to  demonstrate  it  :  men 
of  science  dread  to  involve  themselves  in  innnense  calcula- 
tions, the  success  of  which  is  problematical,  and  sometimes 
give  up  an  inquiry  which  presents  too  many  difficulties. 
But  if  the  truth  has  been  ascertained,  as  success  is  from 
lliat  moment  certain,  we  take  courage,  and  dcnionstrations 
are  simplified  and  multiplied  :  this  is  preciselv  what  has 
happened.  The  instant  M.  Poisson  had  demonstrated  his 
theorem,  Messrs.  Lagrange  and  La  Place  perceived  that  it 
flowed  out  of  principles  and  methods  which  had  been  for- 
merly explained.  M.  Poisson  attained  his  discovery  by  a 
calculation  in  which  he  made  use  of  the  known  formulae  of 
the  elliptic  motion  ;  M.  Lagranjie  ihoudu  that  if  ought  to 

P4"  "  "have 


232  French  National  Institute. 

have  been  attained  by  the  power  of  analysis,  even  wiihoui 
knowing  the  peculiar  expressions  of  the  quantities  relative 
to  the  elHpiic  orbit. 

In  this  manner  he  demonstrates,  in  its  whole  possible 
generalitv.  and  whatever  may  be  the  inclinaiion  oF  the  pri- 
mitive orbit,  that  the  variation  of  the  grcal  axis  cannot  con-' 
tain  any  tt-im  not  periihiicnK  eilhjr  in  ihtjirst  or  the  second 
approxnru'ion,  at  leas:  nhile  regard  i,s  had  in  the  latter 
ovly  to  the  vGriations  oj  the  elements  of  the  disturbed  orlit. 
This  prevents  the  s;ime  analysis  troni  bcino;  also  extended 
to  the  terms  procccdincr  from  the  tlenients  of  the  per- 
turbing planets  :  it  is  because  in  this  case  the  funcfifjn  is  not 
symmetrical  with  respect  to  the  co-ordinates  of  all  the 
planets. 

But  by  carrying  the  planets,  not  to  the  centre  of  the  sun, 
but  to  the  centre  of  gravity  of  the  sun,  and  of  the  planets 
around  which  the  motion  is  more  regular  than  around  the 
sun,  i\l.  Lagrange  obtains  a  symmetrical  function,  which 
is  the  same  with  respect  to  all  the  planets:  the  calculation 
then  becomes  uniform,  and  is  not  subject  to  any  exception  ; 
and  we  demonstrate  by  one  and  the  same  analysis,  that  the 
great  axis  of  each  of  the  orbits  cannot  have,  in  the  two  first 
approximations,  any  inequality  increasing  with  the  time. 

It  is  afterwards  easy  to  pass  from  the  motion  around  ihe 
common  centre  of  gravity  to  the  motion  around  the  sun; 
and  we  at  Kngth  succeed  in  demonstrating  the  aeneral  pro- 
position of  ihf  non-existence  of  the  inequahties  propor- 
tional to  the  lime  in  the  great  axes  of  the  planets  referred 
to  the  sun. 

To  return  to  the  memoir  of  M.  Lagrange:  we  there  find 
his  new  formulae  for  the  variations  of  the  elements  of  the 
planets,  as  well  as  their  apphcation  to  the  variations  of  the 
grand  axes.  His  analysis  is  worthy  of  the  attention  of 
geometricians  from  its  uniformity,  generality,  and  elegance, 
and  because  it  is  independent  of  the  elliptic  iigure  of  the 
orbits,  and  may  be  applied  with  the  same  success  to  every 
other  hypothesis  of  gravitation,  in  which  the  orbits  would 
no  longer  he  conic  secticms. 

The  whole  of  this  analysis  is  preceded  by  a  historical  de- 
tail of  this  iireat  problem,  dra^n  up  with  ail  possible  clear- 
ness, in  such  a  manntr  as  to  interest  even  those  who  should 
not  have  all  the  knowledge  necessary  for  following  the  au- 
thor into  the  wh'le  details  of  his  theory. 

In  this  memoir,  read  to  the  class  on  the  25d  of  August, 
the  generality  of  the  analysis  permitted  M.  Lagrange  to 
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express  certain  values  by  the  symbols  of  functions :  it  was 
useless  for  hiiti  to  o;ive  developments  which  rendered  the 
demonstration  less  clear  and  more  difficult :  but  in  order  to 
apply  his  formulae  to  the  nun^erical  calculation  of  the  plane- 
tary perturbations,  these  develcpmenis  became  mdispen^a-' 
ble.  In  a  supplenunt  read  t)  the  clas^  on  the  ii\  of  Septem- 
ber, M.  Lagraniie  ga^e  these  caiculations;  l)ut  he  knew 
admirably  well  how  to  abridge  them  by  the  consideraiion 
of  the  eccentric  anon)aly  ;  and  in  order  to  demousiraie  the 
exactitude  of  this  new  process,  he  showed  that  it  led  lo  the 
sanie  tormulcs  which  he  had  obtained  by  another  wav. 
These  substitutions,  which  should  seem  to  have  been  very 
COinplicated,  admit  of  astonishing  simplifications,  i>v  means 
of  several  e(juations  of  condiiiou  which  M.  Lagra^ige  has 
drawn  from  h;s  theory. 

Before  reading  this  memoir  to  the  Class  of  Sciences, 
JVi.  Lagran^ie  had  communicated  it  to  the  Board  of  Loniritude 
on  the  same  day  or.  which  M.  La  Place  detailed  the  method 
by  v^h'ch  he  attained  the  same  results. 

The  oijjeet  of  M.  La  Place  in  this  work,  which  he  has 
printed  separately,  was  the  perfection  of  tlie  methods  he 
had  given  in  the  Mecanigiie  Cthste.  Chi  endeavonrin'j;  to 
give  u)  the  expressions  oi  the  elenjenrs  of  the  orbits,  the 
Bnnplest  form  or  which  they  are  susceptible,  he  succeeded 
in.makina;  ihem  depend  only  on  partial  differentials^  of  t^ne 
and  the  same  function  ;  and  what  is  remarkable,  the  coef- 
ficients of  these  ditfcrences-are  only  the  function  of  the  ele- 
aieiits  themselves  J  an  adv^nti'se  also  enjoved  by  the  fpr- 
niulce  of  M.  Lagrange,  who  had  hmgago  given  the  example 
in  thee.'cpreseion  which  he  had  found  for  the  srreal  axis, — an 
expression  which  had  led  him  todemonsirate,  in  a  very  for- 
lunate  manner,  the  invariability  of  the  mean  motions,  when 
we  have  reganl  only  to  the  first  power  of  the  perturbing 
masses,  M,  La  Place  has  sub?equently  given  the  sa^ne  t^)nn 
tfD  the  differential  expressions  of  the  eccentriclry  of  ilie  orbit 
the  inclination  and  the  longitude  of  the  node.  Ft  still  rc- 
inaincd  to  transform  in  tiie  same  way  the  differential  ex- 
pressions of  tiie  longitudes  of  the  epoch  and  of  the  perihe- 
lion. This  is  what  M.  La  Place  executes  in  the  supplement 
of  which  we  now  JXive  an  accoun* ;  and  thereby  the  finite 
variaiions  of  the  differentials  flow  from  the  development  of 
a  very  simple  function,  which  performs  an  nnporiant  part 
iai  the  Meconique  Celeste.  These  newr  expressions-  lead  very 
naturally  to  the  elegant  theorem  of  M.  Poisson  on  the  in- 
varirtbility  of  mean  motions;  thev  lea<l  also  to  the  most 
simple  anjl  general  solution  of  the  secular  variations^  of  the 
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elenjcnts  of  the  ;)lanelary  orbits  ;  they  give  with  the  same 
facility  the  two  inequahties  of  the  lun.ir  motion  in  lonfii- 
tiule  and  latitude,  which  de|)eii(l  on  the  flattening  of  the 
earth,  formerly  cU-termined  by  M.  La  Place. 

'l"he  results  are  thereJore  perfectly  identical  with  those 
found  by  M.' Lagrange  by  a  totally  diifcrent  way.  Tiiey 
would  be  mutually  confirmed  if  occasion  required,  and  if  ■ 
the  two  njethods  did  not  carry  their  den)onstraiion  along 
with  them.  The  most  remarkable  difference  consists  in 
M.  La  Place  havinij  adroitly  avoided  a  verv  great  analytical 
^liffienlty,  and  Capable  of  impeding  the  proiiress  of  a  less 
eminent  geometrician  ;  while  on  the  other  hand  M.  La- 
jiranoc  has  overcome  the  difficulty;  and  by'  giving,  like 
M.  jLa  Place,  the  theorem,  so  important  to  astronomers,  of 
the  invariability  of  motions,  he  has  furnished  analysts  at 
the  same  time  with  formulae  remarkable  tor  their  elegance. 
But  it  is  not  less  curious  to'observe  with  what  faeihty,  by 
a  simple  transformation,  M.  La  Place  has  elieiicd  these  new 
truths  Irom  tlie  formula  in  which  they  were  contained. 

The  secretary  of  the  Institute  then  proceeded  to  give  a 
detailed  account  of  the  works  composed  during  the  year 
1806  by  members  of  the  class. 

Physics. — At  the  commencement  of  the  year  the  class 
had  the  honour  to  present  to  the  emperor  the  History  of 
the  Sciences  since  the  year  1789,  which  his  majesty  ordered 
to  l>e  printed.  The  editors  of  this  work,  in  profiting  by 
the  materials  furnished  by  members  of  the  class,  and  by 
foreioners,  have  endeavoured  to  trace,  wiih  truth  and  sim- 
plicity,  the  immense  progress  which  the  human  mind  has 
made  in  the  knowledge  of  nature  during  these  twenty  years, 
when  war,  intestine  dissensions,  and  extravagant  passions, 
which  alternately  visited  all  states  and  empires,  seemed  to 
liave  interrupted  all  useful  inquiries  and  discoveries. 

This  historical  sketch  will  now  serve  as  our  point  of 
departure,  and  <.>ur  annual  reports  in  future  will  be  so  many 
continuations. 

We  ought,  it  is  true,  in  our  analyses,  to  treat  only  of 
the  subjects  which  have  been  discussed  at  our  meetings  : 
but  in  the  active  relations  in  which  we  iind  ourselves  with 
the  majority  of  those  who  cultivate  the  sciences,  it  is  verv 
unlikely  that  any  important  discovery  will  be  made  through- 
out Europe,  which  will  not  speedily  be  heard  of  within  the 
walls  of  the  Institute,  and' excite  its  members  to  similar 
pursuits. 

Chemistry,  in  the  decomposition  of  the  alkalis,  has  this 
year  presented  a  striking  example  of  the  emulation  which 
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animates  the  learned  of  various  countries.  Scarcely  had  wc 
been  apprized  in  France  of  the  discoverv  of  Daw,  on  the 
changes  which  potpsh  and  soda  undergo  by  the  action  of 
the  VoUaic  j)ile,  when  two  of  our  young  chemists,  M.  Gay 
Lussac,  member  of  the  class,  and  M.  Thenard,  professor 
in  the  college  of  France,  endeavoured  to  produce  the  same 
effect  by  the  common  affinities,  and  succeeded  by  meaiis  of 
apparatus  most  ingeniously  contrived*. 

The  public  journals  having  announced  that  laminated 
zinc  had  been  applied  to  several  useful  purposes  in  Engl  aid, 
it  is  but  justice  in  us  to  reclaim  this  application  of  lami- 
nated zinc  as  a  French  improvement.  M.  Alacquer  and 
M.  Sage  long  ago  performed  ihis  process  bv  heatmi:  the 
metal  :  but  we  have  to  notice  anoiher  recent  improvement 
on  this  subject  m  France,  namely,  the  art  of  convertino, 
by  simple  sublimation,  calamine  or  oxide  of  zinc  into  me- 
tal snlficieruly  pure  to  undergo  lamination.  Messrs.  Donq 
and  Poncellet  have,  in  ihe  department  of  theOurthe,  lately 
succeeded  in  this  operation,  and  the  ore  furnished  them 
with  one-third  of  its  weight  in  metal.  This  laminated  zinc 
may  be  employed  on  almost  all  occasions,  instead  of  sheet 
lead,  and  it  will  be  found  much  cheaper. 

Another  application  of  chemistrv,  not  less  interesting  to 
society,  is  the  art  of  preparing  with  wood  an  acetic  acid 
equally  pure  with  radical  vinegar.  This  was  suggested  by 
Messrs.  Fourcroy  and  Vauqnelin,  who  discovered  that  the 
acid  which  goes  by  the  name  of  pyro-Iigneojis,  and  is  pro- 
duced by  the  distillation  of  wood,  is  only  the  acetic  acid 
mixed  with  some  foreign  substances.  On  freeing  it  from 
these,  M.  Mollerat  has  procured  an  acid  which  may  be 
used  as  a  substitute  for  common  vinegar;  but  it  is  more 
acrid  than  the  latter. 

The  interruption  of  our  colonial  intercourse  has  repeat- 
edly sug;gested  the  employment  of  some  substitute  for  su^ar, 
and  M.  Parmenticr  has  recently  published  some  popular 
instructions  on  the  art  of  extracting  from  the  niust  or  juice 
of  the  grape,  a  syrup,  in  order  to  supply  the  place  of  suiiar: 
he  has  presented  some  excellent  specimens  of  this  syrup  to 
the  Institute,  and  great  quantities  of  it  a^e  now  manufac- 
tured in  our  southern  provinces  ;  the  interruption  to  the 
exportation  of  our  wines  is  an  additional  encouragement  to 
this  manufacture.  The  grapes  of  the  south  of  France,  beinf^ 
naturally  sweeter,  give  proportionally  more  sugar;  and  care 

*  See  Philosophical  Ma2?2ine,  vol.  xxiii. 

must 
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must  be  taken  to  free  the  must  from  a  more  or  less  consi-. 
derable  quantitv  of  tartar  or  other  acids,  which  is  ejected 
by  means  of  lixiviated  ashes.  This  oj^eration  constitutes, 
the  essence  of  M.  Parmentier's  discovery. 

To  return  to  chemistry  in  general :  it  will  be  recollected 
that  some  time  ago  M.  Morveau  endeavoured  to  find  aa 
instrument  fo^  measuring  the  highest  degrees  of  licat,  and 
of  which  we  have  from  time  to  time  given  an  account,  lii 
the  present  vear  M.  Morveau  read  to  the  class  a  complete 
history  of  the  attempts  previoublv  n>ade  bv  eheiuists  and 
manuraciurers  on  this  subject ;  he  lias  apprc-ciaicd  the  nie- 
th(;ds  resorted  to  by  Newton,  MuschenbnK-ek,  Mortimer, 
nnd  particularly  VVedgwood,  to  whom  he  does  more  jus- 
tice than  has  hitherto  been  done  in  Fraiice.  He  has  even 
given  an  account  of  the  experiments  on  the  dilat;d)ililv  of 
the  metals,  made  bv  watch-makers  and  others  v\  uh  a  view 
of  constructing  compensation  pendulums:  las'tv,  he  has 
describfd  an  instrument  of  his  own  invention,  sulBciciuly 
delicate  for  showing  the  minutest  changes  in  length  of  a 
small  ntetallic  bar.  In  short,  it  is  only  such  a  bar,  par- 
ticularly when  made  of  platina,  that  can  be  at  once  suffi- 
cienllv  dilatable  and  unalterable  in  the  fire  to  be  used  as  a 
pyrometer;  but  the  greatest  ditHculty.  is  to  place  it  on  a 
scale  which  does  not  dilate, — otlicrv.'isc  we  could  never  as- 
certain the;  variations.  This  is  is  what  M.  Morveau  experts 
t-o  attain,  and  to  which  he  continues  to  direct  his  aitention. 

M.  Gay  Lussac  has  recently  developed  an  elegant  law  of 
general  chemistry,  on  the  proportion  of  metal  wliich  enters 
into  each  metallic  salt,  and  on  that  of  theoxvgcn  necessary 
for  its  oxidation.  He  bass  proved  that  the  metal  which  precipi- 
tates another  metal  from  an  acid  solution,  finds  in  llie  preci- 
pitated metal  all  the  oxvgen  necessary  for  being  oxidated,  and 
dissolved  in  such  a  quanliiv  tlint  the  solution  is  neur lalizcd 
to  the  same  deoTce.  The  quantity  of  oxvgen  ren)ains  there- 
fore constant,  whatever  be  the  quantity  necessary  of  eaih 
metal :  the  acid  is  therelbre  in  each  salt  in  proportion  to 
the  oxygen  of  the  oxide,  and  there  must  be  so  much  the 
moreof  eich  metal  for  saturating,  the  less  occasion  this  me- 
tal has  for  oxvat-n  in  order  to  be  oxidated.  This  law  gives 
a  verv  simple  method  of  determining  the  composition  of 
all  the  metallic  salts  ;  for  it  is  sufficient  to  be  acquainted 
with  the  proportion  of  the  acid  in  a  salt  of  any  kind,  in 
order  to  know  it  in  them  all,  and  a  single  anab^is  dis- 
penses with  all  the  rest.  It  is  always  pleasing  to  ft  cl  an 
increase    of    simple    methods    for    attaining   precision    in 

the 
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ihe  experimental,  and  to  recur  to  the  mathematical  .sfej- 
ences. 

iNI.  Darcet  j'.ui.,  has  applied  these  riiiorous  methods  to 
the  analysis  f)t  the  alkalis,  and  has  provtcl  th.u  potash  and 
sotia,  when  prcnnred  ^vith  al.ohol,  and  heated  until  »h  'V 
begin  to  evaporate,  still  return  nc;irlv  one- third  ot;  their 
vveiiiht  in  water. 

[To  beconiinned.] 


XXXII.  InielVwence  and  MisceilaneoJis  Anlcles. 

O 

DR.   MERSCHEL. 

In  our  last  Number,  page  15S,  vvc  in?ertcU  a  table  of  rales 
ff.tr  predicting  the  weather,  and  which  had  been  for  s^mc 
time  circulating  in  MS.  a^  the  production  of  Dr.  Herschel. 
That  gentleman  liaving  publiclv  disclaimed  the  tabic  al- 
ludrd  to,  we  consider -it  as  a  du;v  due  to  him  and  to  our 
readers  to  insert  the  following  disavoval : 

Notice  to  th*:  PiihVtc  from  W'\l\axh  Rerschkl,  LL.T)., 
of  Slougti,  near  f4'in,t*0r. 
Maxv  of  the  public  papers,  fo.'a  lensrtlt  of  tii'ie  past, 
'have  occasionally  ascribed  certain  predieiions  of  the  stare 
of  the  weather  to  me  ;  and  severahof'thcni  have  lately  gone 
s  J  far  as  actually  to  prefix  n)y  name  'to  what  they  have 
called  a  Weather  T-Vnle,  in.  wl-sich,  according  to  •certain 
hours  of  the  changes,  of  the  nioon,  wiuci,  rkrn,  snow,  frost, 
&CC.  &c.,  are  pr.ognoisicatcd.  Snch  a  table,  by  some  mistake, 
has  even  been  verv  lately  i»seried  into  a  very  respcctabut 
-Philosophical  Majazi'vie.  In  justice  to  invself,  therefore, 
I  think  It  highly  necessary  that  the  puld'-.c  should  be  unde- 
ceived by  mv  declaring  that  tJ:e  table.preteiKUd  to  be  of  my 
corfstructinn,  as  well  ascveiv  prc^'grTosiicsti-in  of  the  statt; 
f)f  the  weather  thi^t  has  appe^'rR'  -iin  'the  !Siews|rapcr.s  a:> 
ascribed  to  me,  arc  all  oro,s  iwipovit'irti-f^. 

'"WrttiAM  Hi?nscHKjL. 

.  Sept.  f(>,  iSO-J. 

CITY  PKiLOSOi*KiCAr,-sr}CiT:-i  r. 
A  society  under  the  above  naiie  'has  'for  son.  ;i,;.;i;iii 
been  established,  for  the  pnrp'oses  q'f  philosophical  discus-- 
sions  and  experiments.  The  CTCifii^a's Of  meeting  arc  evi-rv 
Wednesday  ;  and  a  lecture  is  delivered  evt-fv  ^second  Wed- 
nesday by  the  members  in  rotation.  The  lectures  are  very 
well    attended.     They    embrace   Chemistiy,    Nattirai    and 

fl\"perimcntal 
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Experimental  Philosophy,  Anatomy,  History,  and  otbtf 
branches  of  Science. 

LECTURES. 

St.  George's  Hospital,  ajid  George  Street,  Hanover  Square. 
On  Saturday  October  9th,  a  Conrse  of  Lectures  on  Phy- 
sic and  Chemistry  will  recommence  in  George  Street,  attiie 
usual  Morning  Hours,  viz.,  the  Therapeutics  at  Eicht ;  the 
Practice  of  l^hvsic  at  halF  after  Eight;  and  the  Chemistry 
at  a  quarter  after  Nnie,  by  George  Pearson,  M.D.  P.R.S., 
Senior  Physician  to  St.  George's  Hospital,  of  the  College 
of  Physicians,  &c. — Chnical  Lectures-  are  given  as  usual  on 
the  Patients  in  St.  George's  Hospital  every  Saturday  Morn- 
ing at  Nine  o'Clock, 

LrST    OF   PATENTS    FOR    NEW    INVENTIONS. 

To  William  Hutton,  of  Sheffield,  in  the  county  of  York, 
merchant,  for  his  method  of  making  sickles  and  reaping- 
hooks,  with  iron  in  steel  backs  fixed  upon  the  blades  thereof, 
whether  such  blades  be  forged,  rolled,  cast,  hammered,  or 
otherwise  manufactured. — ^July  31,   IS09. 

To  Frederic  Albert  Winsor,  of  Pall  Mall,  in  the  county 
of  Middlesex,  esq.,  for  his  fixed  telegraj)hic  light-house, 
and  also  a  moveable  telegraphic  light-house  for  signals  and 
intelligence  to  serve  by  night  and  by  day,  in  rain,  storm, 
and  darkness,  in  any  required  direction,  and  from  any  given 
centre. — August  3. 

To  Ferdmand  Smyth  Stuart,  of  Billericay,  in  the  county 
of  Essex,  esq.,  for  his  substitute,  the  produce  of  this  coun- 
try, for  Peruvian  bark. — August  4. 

To  Thomas  Dickin,  of  Abrewase  Mills,  in  the  county  of 
Stafr)rd,  cotton-manufacturer,  and  Henry  Bradley  of  the 
same  place,  cotton-spinner,  for  a  new  method  of  preparing 
heni}?,  flax,  hurds,  short  tow,  and  cleariui^s,  and  other  in- 
ferior parts  of  hemp  and  flax,  either  alone  or  mixed  with 
cotton  wool,  for  the  purpose  of  spinning  the  same  into  yarn 
or  thread  ;  and  also  certain  improvements  in  the  mode  of 
spinning  the  same. — August  8. 

To  Edward  Law,  of  Shelton,  in  the  parish  of  Stoke-upon- 
Trent,  in  the  county  of  Stafford,  schoolmaster,  for  an  im- 
proved rotative  engine,  or  machine,  to  be  worked  by  the 
power  of  steam,  for  raising  water,  grinding  corn,  and  va- 
rious other  useful  purposes. — August  9. 

To  John  Hives,  of  Holbeck,  in  the  parish  of  Leeds,  in 
the  county  of  York,  linen-manufacturer,  for  a  machine  for 
hackling  or  dressing  hemp,  flax,  and  other  materials. — 
August  1£. 

Isaac 
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Isaac  Kellogg,  late  of  Connecticut,  in  North  America, 
but  at  present  residing  in  Addle  Street,  in  the  city  of  Lon- 
don, gent.,  (assisted  by,  and  in  conjunction  with,  his  bro- 
.iher  Friend  Bissell  Kelloga,  residing  in  North  America.)  has 
invented  an  improved  machine  for  shearing  woollen  and 
other  cloths,  for  which  a  patent  has  been  granted,  dated 
August  21. 

To  Samuel  Long,  of  the  town  of  Leicester,  in  theconnty 
of  Leicester,  gent.,  for  improvements  on  horizontal  wind- 
mills.— Septen)ber  4. 

To  Joseph  Bramahi,  of  Pimlico,  in  the  county  of  Mid- 
dlesex, engineer,  for  a  new  method  of  making  and  con- 
structing pens  for  writms:. — September  23. 

To  George  Vaughan,  of  Purim  Place,  Whitechapel  Road, 
Middlesex,  gent.,  for  improvements  in  the  process  of  re- 
finmg  sugars. — September  23. 

To  Rodulph  Tschiffeii  de  Roche,  of  Great  i'ulteney  Street, 
Middlesex^  gent.,  for  improvements  in  the  processes  of 
brewing. — September  26. 

To  Egerton  Smith,  of  Liverpool,  in  the  county  of  Lan- 
caster, optician,  and  Michael  Harris,  of  the  same  place, 
mechanic,  for  improvements  in  ships'  binnacles  ;ind  com- 
passes, and  in  the  mode  of  lighting  the  same, — Sept.  26. 

To  .John  Penwarne,  of  the  parish  of  St.  Pancras,  Mid- 
dlesex, gent.,  for  his  method  or  process  by  means  of  which 
he  is  enabled  to  give  to  statues  and  other  ornamental  works 
in  plaster  (conunonly  called  plaster  of  Paris),  an  appearance 
nearly  resemblino-  ihe  finest  statuary  marble,  at  the  same 
time  rendering  ttiem  more  hard  and  durable,  less  liable  to 
be  soiled,  and  easier  to  be  cleaned. — Sept.  26. 

To  William  Watts,  late  of  Castle  Knock,  in  therounty 
of  Dublin,  now  of  the  city  of  Bath,  gent.,  for.  new  me- 
thods of  combining  and  disposing  machinery,  and  applying 
the  different  powers  of  wind,  water,  and  cattle,  thereto,  so 
as  to  effect  improvements  on  nulls. — Si-pt,  2<3. 

^To  Benjamin  Flight,  of  Saint  Martin's  Lane,  Middlesex, 
organ-builder,  for  his  new  n^etal  nave  axle  and  box  for 
wheeled  carriages,  bv  means  of  which  the  danger  of  over- 
turning, and  the  concussion  arising  from  carriages  cominoe 
in  contact  at  the  nave,  are  considerably  lessened,  the  nave 
much  stroneer,  and  gives  more  lightness  of  appearance  to 
the  carriages  than  thcjse  now  in  general  use  ;  the  rattling  of 
the  carriage  in  action  is  also  lessened;  theoihngof  the  wheels, 
which  need  not  l)e  taken  off  for  that  purpose,  is  performed 
with  greater  ease  and  facility,  and  the  oil  is  eflcctually  pre- 
vented from  comn.unicating  to  the  spoke  of  the  wheels. — 
September  26,  J^.~ 
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meteorological  tahle, 

By  Mr.  Carev,  of  the  Strand^ 

Fcr  September  1809. 


The 

rmomcter. 

f^   CJ        • 

5iys  of  the 
Month. 

"l 

Heiehr  of 

ttie  Bjiom. 

Inches,. 

Weather. 

Aug.   27 

5.-) 

64° 

55° 

29-76 

'26 

Showery 

28    bQ 

66 

60 

3004 

n 

Fair 

29    60 

72 

63 

•08 

•76 

Fair 

90    f)5 

76 

66 

29-85 

32 

Fair 

S\    60 

C-,Q 

59 

•85 

19 

Cloudy 

Sept.     1 

60 

63 

56 

•80 

20 

Cloudy 

2 

60 

70 

57 

•65 

32 

Fair 

3 

61 

72 

61 

•62 

44 

Shavver/ 

4 

63 

69 

61 

•60 

18 

Stormy 

5 

61 

70 

60 

•54 

31 

Fair 

6 

no 

70 

61 

•52 

35 

Fair 

7 

60 

QQ 

bQ 

•29 

29 

Showery 

s 

55 

61 

55 

•42 

20 

Shi)\very 

91   35 

m 

54 

•65 

52 

Fair 

10 

54 

64 

53 

•67 

13 

Showery 

11 

54 

63 

5 '2 

•72 

52 

Fair 

12 

53 

64 

49 

•80 

46 

Fair 

13 

49 

62 

56 

•84 

98 

Showery 

14 

57 

62 

bfS 

•69 

21 

Showery 

15!   56 

Q^b 

5  2 

30-05 

46 

Fair 

16 

51 

64 

60 

•10 

18 

Cloudy 

17 

5G 

65 

55 

•01  ^ 

31 

Cioudy 

18 

58 

64 

58 

29^80  ' 

10 

Rain 

19 

54 

62 

50 

•75 

60 

Fair 

20 

53 

m 

55 

•36 

41 

Rain 

21 

59 

64 

bb 

•80 

55 

Fair 

22 

54 

69 

bl 

•68' 

47 

Showery 

23 

63 

65 

54 

•70 

52 

Showery 

24 

53 

58 

48 

•S5 

25 

Showery 

25 

56 

49 

45 

•74 

0 

Rain 

26 

43 

30-00 

51 

Fair 

N.B.  The  Barometer's  befght'is  takea  atone  o'cTock* 


v[     241     ] 

XX^ni.  On  tlie  Date  of  the  Jpplicalion  of  Telescopes  to 
axtroiwmic  Insiniments  ;  tlieTniie  wlien  Aslnjiiomersfirsi 
observed  the  Stars  and  Planets  in  the  Day-time  hy  means 
of  ihfise  Telescopes;  anil  on  ttie  Author  of  these  Dis- 
coveries. TranslatedJ'rqm  the  Fiencli  ofM.  DePouchy  *. 

JL  UE  twOfdiscovcries  which  form  the  object  of  this  memoir 
are  among  those  tliat  have  contriliuted  most  to  bring  astro- 
nomy to  its  j)rescui  degree  of  perfection.  It  is  very  singular 
that  the  graiitiule  of  astronomers  has  not  preserved  to  (ios- 
terity  the  person's  name  who  made  theai ;  and  that  the 
Academy  has  now,  at  the  end  of  a  century,  this  omission  to 
repair  ;^happily  iiis  never  loo  late  to  render  jusiiqe:  honour 
and  gratitude  do  not  admit  of  prescription.       Oj  i   •/.: 

It  was  required  last  vear  topoiut  out  the  author  of  the  ap- 
plication of  lelescdpfs  instead  of  siohts  to  instruments;  to 
determine  the  date  of  this  invention;  and  the  time  when 
astronomers  first  obs^crved  the  planets  and  lafiiest  stars  by 
means  of  them  durniir  the  day-time.  '  ,The  .greater  part  of 
astronomers  attributed  ope  of  tlicse  two  uscfuj  inventions  to 
M.  Auzout,  and  the  other  to  Al.  Picard.  As  I  remembered 
to  have  seen  these  two  points  ycrj  well  established  sqmc- 
where  in  a  book  I  had  formerly  read,  I  uiefelyvf^bservqd), 
that  I  supposed  the  time  might  be  obtained  Very  nearly  ; 
and  the  Academy  requested  me  to  endeavour  to  fiiul  what  I 
could  on  this  subject ; — The tuUowingis  the  resultofmy  re- 
search. 

The  late  INI.  de  la  Iliref  gave  in  1717  a  memoir  entitled 
Inquines  respecting  the  Dcdfi^  of  the  Invention  of  the  Mi- 
cromeler ^-  pf  f^endnliun  Clocks y  and  of  commoii  Telescopes. 
As  I  knew  that  he  had  spoken  in' this  memoir  of  soipe  oilier 
astronorjitc  inventions,  1  wi&ijed  to  see  if  he  had  not  men- 
tioned this.  I  found  that  he  could  neither  discover  the 
exact  time  nor  thenaine  of  the  author  of  this  iiivention  ; 
that  he  spoke  of  it  to  iSi.Picaid,  who  merely  told  him  that 
M.  Auzout  had  some  concern  in  it;  which  agrees  very  well 
with  what  Picard  said  hia>5elf  at  the  beginning  of  his 
Treatise  on  theJMcasure  of  jthe  Earth, — iJiiit  t  lie  idea  of  ap- 
plying telescopes  insleud.ofisiii^/itslo  ivstruiTpents,  had  been 
■  thought,  (ffii'  some  time.  J)(I.  de  la  Hire, ad4^i also.,  {\y^i  he 
had  searched  the  Philosophical  Transactions  without  havino- 
fc>yti4,^n._y .tiling. riilating^  the  purpose.     I  therefore  took 

..         .      1     '\  C:     •.. 

•    •*  Read-to  the^Rov:^!  Aciciemv  of  Sciences  at  Paris,  i?th,  of  NDvembcr, 
iTSfJ,  and  published  1;' the  Memoirs  tOr'lT87. 
"-f  •Mcnioirs'fup  1717,  y)age  73.  ■ 

'Vol.  3 J.  No.  133.  Octoler  1S09.  Q  the 
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the  trouble  to  trace  back  my  steps.     I  endeavoured  to  r«-^ 
nifti)bi:r  wMcre  I  bad  scea  these  points  discussed,  and  I  re- 
collected at  length,  that  it  was  in  Morin'o  Science  des  Lon- 
gitudes. 

In  the  celebrated  conference  which  he  had  on  this  sub- 
ject, the  30th  of  March  1(334,  with  the  commissioners  named 
by  cardinal  Richlieu,  Morin  (when  answering  to  the  objec- 
tion ajfainst  tht.'  size  of  the  instruments,  which  did  not  per- 
mit thtm  to  be  used  at  sea,)  among  a  number  of  methods 
which  he  used  to  preserve  their  accuracy  whilst  diminishing 
their  radius,  mentioned  the  application  of  telescopes  to  the 
index,  instead  of  sights.  These  are  his  words: — -''The  third 
method  is  the  application  which  I  have  found  means  of 
making  of  a  telescope  to  the  index  instead  of  sights,  to 
measure  more  readily  and  more  exactly  the  distance  of 
the  moon  from  the  stars*."  For  in  the  method  he  used 
of  deriving  the  longitude  from  the  observed  distance  of  the 
moon  from  the  stars,  Morin  had  found  that  he  could  not 
expect  sufficient  truili  in  the  collimation,  for  a  star  to  tra- 
verse the  sights;  and  he  therefore  thought  of  using  tele- 
scopes, which  had  not  then  been  invented  more  than  about 
25  years. 

He  had  for  this  purpose  placed  a  telescope  on  the  inde.^ 
of  his  instruments  :  he  th.cn  saw  the  stars  with  thg  greatest 
clearness  ;  but  it  became  necessary  to  determine  the  point 
in  the  field  of  view  of  tlie  telescope,  on  which  to  place  the 
star,  so  that  the  line  passing  through  the  optic  centre  of 
the  object-glass  might  then  be  paialkl  to  the  fiducial  line 
of  the  mdex.  Morin  had  but  one  step  further  to  proceed 
in  order  to  derive  all  possible  utility  from  his  invention,  by 
applyuifT  cross  wires  in  ihe  conmion  focus  of  the  two 
lenses f:  1)ut  I  know  not  by  what  fatality  it  happens,  that 
the  most  simple  means  are  commonly  the  last  to  present 
themselves.  He  took  another,  less  accurate  method,  which 
brought  with  it  ;in  inconvenience:  he  thought  of  covering 
the  eve  glass  with  a  thin  disc  of  copper  or  iron,  pierced  in 
Its  middle  with  a  small  hole.  By  this  means  he  obtained 
indeed  a  part  of  what  he  desired  :  for  it  is  certain,  that  the 
'  star  once  seen  in  tlie  centre  of  the  small  hole  was  very 
nearly  in  a  constant  line,  which  might  be  made  parallel  to 
the  fiducial  line  of  the  index.   We  say  riearhj ;  for,  however 

•  Asrronomi'a  jam  a  fund^imentis  inte^re  et  cxacte  restitiita;  complec- 
'■"ns  9  partes  hac;e;)Ui  oprata'  -cieiuia;  longitudinum,  &c.,  autore  J.  P.  Mori- 
iio,  1640,  in  -Ito,  pars  i.  page  IS.  This  tlate  in  the  frontispiece  is  later 
Shr.a  that  of  the  rir<!t  public.ition,  whicli  wai  iu  to,:  *. 

I  It  W3S  Huyjf.;^-  who  thought  of  this  method — S)"stema  Saturnium,  1659- 
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small  we  suppose  the  hole  at  the  centre  of  the  plate  to  be^ 
■we  should  always  be  troubled  to  ascertain,  with  certainiv 
whether  the  star  occupietl  the  centre  precisely  ;  and  how- 
ever little  the  eye  might  be  mpvedj  the  star  would  appear 
also  to  change  its  place ;  which  could  not  but  diminish  the 
accuracy  of  the  operation.  But  there  was  a  much  g:reater 
inconvenience:  it  became  very  difficult  to  find  the  star  ; 
and  frequently  the  instant  of  time  in  which  the  observation' 
was  to  have  been  made  was  passed  before  it  could  be  found 
in  the  telescope.  Morin  remedied  it  in  the  followin-^- 
manner : — 

He  had  put  on  the  object-end  of  his  telescope*,  a  sjtrht 
cut  in  the  middle  with  a  sht  sufficiently  wide  answering  to 
the  diameter  of  the  field  of  the  telescope:  when  he  wished 
to  observe  a  star,  he  placed  it  above  diis  slit,  and  conducted 
it  just  over  the  tube;  he  was  certain  then  of  finding  it  in 
the  telescope,  and  of  being  able  to  place  i^  in  the  nnddle  of 
the  small  hole  of  the  plaie.  \'    .  -  ,',, 

Such  was  the  method  which  Mqrin  pursued  'in  his  re- 
searches :  it  therefore  follows  that  he  is  the  first  who  adapt- 
ed telescopes  to  instruments  instead  of  sights:  but  that  the 
kind  of  eye-hole  with  which  he  covered  tiie  eye-glass  was 
neither  so  convenient  nor  so  exact  as  the  cress  wires  put  in 
the  common  focus  of  the  two  glasses  bv  M.  Auzout  about 
the  year  1667  ;  and  Morin  did  jiot  dnubt  that  his  inven- 
tion would  afterwards  be  unproved.  Let  us  hear  him  do 
justice  to  himself  in  this  respect. 

He  sa\st,  *'  I  do  not  doubt  but  tliey  may  add  to  vvhat 
I  have  invented  some  ingenious  means  which  will  render 
its  use  more  exact  and  more  easy.  I  even  desire  it  very 
sincerely  ;  and  am  ready  to  give  those  v.ho  shall  effect  it 
the  just  praises  which  they  will  merit;  contenting  myself 
with  having  opened  to  mnids  more  subtle  than  mine,  road>» 
which  were  hitherto  unexplored."  An  author  who  speaks 
with  so  much  modesty  of  his  own  uork  deserves  to  be  fa- 
vourably heard. 

I  have  not  been  able  to  determine  the  precise  date  of  this 
invention  of  Morin  ;  but  there  is  creat  probability  that  it 
preceded  a  little  the"  celebrated  discussion  of  the  30ib  of 
March  3  634.  I  shall  be  more  precise  as  to  the  time  v.hea 
they  began  to  observe  the  stars  and  planets  in  the  dav-time 
by  mean^  of  telescopes.  Morin  has  preserved  its  history  : 
and  this  part  of  his  book  is  written  with  a  lightness  and  a 

•  Scien.  I.ongit.  pars  i.  p.  55.  f  Ibid,  pars  1.  p.  55. 
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poetic  styk,  whicti  we  could  'tiot  expect  from  h\i  f)cn  Wor' 
tVoni  the  subject'.  1  shall  tlo  liitle  else  than  translate  it,  ai)d 
the  following  is  the  \Vay  in  which  he  explains  himself*. 

*•  One  night,  about  the  end  of  March  1635,  t  amuse'tf 
niy^elf  with  my  telescope^  and  was  con.'-idcring  Jupiter  and 
hrssatellit'es,'  rtuising  prOh)undly,  and  thinking  what  might 
be  thcus'eto\^hic!h  theid  small  planets  were  destined,  when, 
all  at  once,  a  celestial  messenger  came  on  wing,  presented 
himself  to  nie,  and  held  this  discourse  :  '  Why  fatiguest 
thou  thine  evCs  uselessly  in  observing  the  moon,  the  sun, 
and  .lupiler,  with  this  instrument?  Leave  this  aniiiseraent 
to  others,  and  apply  thyself  to  things  more  useful,  and' to 
which  thou  art  destined:  if  ihou  followesl  my  advice,  a  lUr 
greater  glcjrv  is  reserved  for  thee,  since  thou  shalt'seeiq 
broad  day-light  the  planets  and  the  principal  stars,  vyhicH 
no  rnoftal  has  hitherto  been  able  to  perceive  tmless  during 
the  tlight :  this  will  give  tUee  the  most  eertaiti  means  or" 
establishing  the  principal  elements  of  astronomy  : '  and  af- 
ter having  skid  these  few  words  to  me  he  disappeared.  His 
discourse  could  not  be  eflfaced  from  my  memory,  audi  had 
no  more  rest  until  I  had  found  by  what  means  I  miglit  see 
the  planets  afid  brig;ht  stars  during  the  day-time;  and  I 
applied  with  so  much  more  ardour,  as  I  remernbc-fed^uildcr 
some  particular  circumstances,  to  Have  seen  Venus  with  tl^e 
naked  eye  whilst  the  sun  was  very  high  above  the  horizon'. 
This  is  the  method  I  pursued. 

"  I  affixed  a  lelcscopc  uf  a  toot  and  a  half  to  the  index 
of  one  of  niv  instruments,  which  served  it  as  a  support^ 
and  I  ))laced  this' apparatus  in  the  vvestern  window  of  my 
roon),  in  order  that  the  brightiiess  of  the  rising  sun  might 
not  dazzle  me.  Some  time  before  day-light,  whilst  tlie 
bright  stars  were  yet  visible,  I  put  Arcturus  in  my  tele- 
sco]3e,  and  kept  it  there  almost  until  the  rising  of  the 
sun;  remarking  with  pleasure,  that  1  yet  saw  it  dfistinclty 
in  the  telescope,  a  long  time  after  the  brightness  of  the  day 
made  it  disappear  to  the  naked  e^e :  a  cloud  covered'  i,t  at 
this  moment,  and  wIrmi  it  was  passed,  T  could  iipt  vyith 
every  endeavour  find  it  ajrair..  'fliis  accident  disi.rQssed  lii c  ; 
but  T  was  patient,  well  kiuuviiig  that  had  it  iipt'  beeiV  for 
this  cloud,,  I  shbufdiVavc  been  able  to  have  seeiV  ihjC  star 
much  I'ongcf.  Ne'x't  morniiig  before  day- llglit,| the- skv 
being  very  clear,  I  got-Arcturu?  in  rny  telescope,"  aiVd  kept 
"it  there  until  I  saw  the  light  of  the  fisillg  sun  ehiiglViching 

»  Scicn.  L;.ngit.  nars  VI".  p.210&scq. 
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the  objects  in  the  west.  I  was  so  overjoyed  that  I  thought 
of  reversing  the  telescope  and  the  instrument:  but  this  first 
emotion  being  appeased,  1  continued  my  operaiion  more 
than  half  an  hour  after  the  sun  had  risen:  tlie  light  then 
increasing,  the  star  gradually  diminished,  and  at  length 
disappeared. 

"  The  following  day  Venus  being  in  Aquarius,  and  rising 
before  the  sim,  I  brought  her  in  the  field  of  view  of  my 
telescope;  and  although  she  was  then  in  her  increase,  and 
consequently  less  luminous,  T  preserved  her  there  more 
easily  than  Arcturus  for  an  hour  and  more  after  the  sun 
had  risen.  I  have  made  the  same  observations  with  all  the 
other  i)lanets  and  the  larger  stars."  All  this  appears  to  have 
lasted  onlv  about  four  or  five  days,  and  must  be  referred  to 
the  end  of  March  1633. 

Such  is  the  account  which  Morin  gives  of  this  discovery, 
with  which  he  was  affected  to  a  degree  of  enthusiasm.  If 
he  had  used  a  longer  telescope,  he  would  have  been  able  to 
observe  the  planets  and  large  stars  not  only  by  day-light, 
but  even  at  noon-day.  However,  I  do  not  bejieve  that  we 
can  dispute  with  him  the  honour  of  having  first  observed 
the  planets  and  principal  stars  during  the  sun's  presence,-^ 
an  immense  advantage  to  astronomvj  and  which  gives  him 
an  undoubted  and  v.ell-earned  right  to  the  gratitude  ef 
astronomers. 

After  what  we  have  said,  can  it  be  believed,  that  in 
1669,  more  than  33  years  after  ihe  publication  of  Morin's 
work,  the  Abbe  Picard  should  assert  himself  to  be  the 
author  of  this  discovery  ?  The  following  is  the  passage 
from  the  History  of  the  Academy*,  bv  M,  de  Fontenelle : 
"  The  3d  of  May  of  this  year  (1669).  M.  Picard  was  much 
surprised  to  be  able  to  observe  the  meridian  altitude  of  Re- 
gulus  near  13  minutes  before  the  setting  of  the  sun:  astro- 
iK)mers  have  hitherto  not  only  been  unable  to  observe  the 
fixed  stars  in  the  day-time,  but,  it  is  believed,  not  even  during 
twilight.  M.  Picard  went  further:  on  the  13th  of  July  he 
observed  the  meridian  altitude  of  Arcturus,  the  sun  being 
then  elevated  nearly  I  7  degrees."  We  find  nearly  the  sam€ 
in  Du  Hamel's  Latin  History,  page  54. 

How  did  it  happen, ^hat  Picard  was  ignorant  that  to- 
wards the  end  of  March  1635,  more  than  34  years  before 
his  observation,  Morin  had  made  this  fine  discovery  ;  and 
that  he  had  published  it  m  1635,  in  his  Science  of  fymgi- 
titc{cs^f!\^   I  should  be  extremely  sorry  if  this  articie.  which 

*  Tome  i.  p.  109  &  110.        j;!,-,  .•■V.t  Pa^'s  ^'-  P'  ^-0  --^  seq, 
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the  cause  of  truth  alone  obliges  me  to  relate  in  this  memoir, 
should  cast  the  least  suspicion  of  plagiarism  on  the  memory 
of  M.  I'Abbe  Picard.  VVhatever  we  have  of-his  shows  him 
to  be  very  much  above  this  meanness  :  but  he  had  most 
probably  never  read  Morin's  book  ;  and  this  event  may 
teach  all  those  who  give  themselves  up  to  the  study  ot  the 
sciences,  that  they  never  should  neglect  lo  read  all  that  ha? 
the  least  relation  to  the  objeci  of  their  inquiry.  It  is  only 
by  reading  a  book  that  we  can  acquire  the  right  to  neglect 
it  J  and  that  of  Morin  surely  did  not  deserve  this  contempt. 
In  fiiiishing  this  memoir,  lei  me  be  permitted  to  say  a 
few  words  more  respecting  Morin,  to  whonnt  appears  that 
justice  has  never  been  done  in  several  res]v;cts.  He  had 
given  himself  up  to  revciies  in  judiciary  astrology,  which 
was  certainly  an  obstacle  to  his  reputation  ;  but  as  an  astro- 
nomer he  was  very  far  trom  being  without  merit.  To  ap- 
pretiaic  him  with  justice,  it  is  not  with  the  astronomers  of 
the  present  age  that  we  must  coiti pare  him.  It  is  well 
known  how  much  the  sciences,  and  above  all  astronomy, 
have  been  improved  during  the  last  hundred  and  fifty  years  : 
but  if  we  compare  him  wiih  his  eontempciraries,  we  shall  see 
that  he  was  a  n»an  ot  someconsideratioii,  and  corresponded 
with  the  most  illustrious  men  of  his  time.  He  could  not 
of  course  be  .acquainted  with  those  sublime  theories  which 
only  became  known  a  long  time  aher  him  ;  but  he  pos- 
sessed all  that  then  constituted  the  great  merit  of  an  astro- 
nomer. We  find  by  the  letters  which  Gassendi,  Longo- 
iDontanus,  and  many  others,  wrote  to  him,  that  they  con- 
sidered him  as  one  of  the  best  mathematicians  of  his  age. 
He  was  professor  of  mathematics  at  the  Royal  College  ;  he 
published,  in  1 633,  A  treatise  of  plane  and  spheric  trigono- 
metry, accompanied  by  tables  of  logarithms,  sines,  tan- 
gents, 8cc.  He  was  the  first  who  collected,  completed, 
and  demonstrated,  u  hat  had  been  said  before  him  on  the 
science  of  the  longitude,  and  laid  the  foundation  of  all  that 
has  since  been  done  on  that  subject.  He  certainly  has  not 
carried  it,  nor  could  he  carry  it,  to  the  degree  of  perieciioa 
which  it  has  attained  in  our  time,  since  manv  things  were 
then  wanting:  and  notwithstanding  the  very  serious  injury 
which  many  of  the  commissioners  suffered  on  his  account, 
they  had  reason  to  decide,  that  he  had  not  completely  re- 
solved the  problem  of  the  longit-ide:  but  this  did  not  hin- 
der his  book  on  the  science  of  the  longitude  from  being  a 
very  good  one;  and  if  in  the  present  day  it  is  only  read  by 
a  few  persons,  it  is  probable  that  the  reason  is,  because  it 
is  overcharged  with  irrelevant  subjects,  and  above  all  with 
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the  altercations  which  he  had  with  his  commissioners,  and 
with  others ;  which  now  renders  the  reading  of  it  very  le- 
<lious.  Nevertheless,  had  he  only  given  this  work,  and 
the  two  inventions  we  have  just  mentioned,  he  would  have 
deserved  to  be  reckoned  among  those  who  by  their  works 
have  contributed  to  the  advancement  of  the  sciences,  and 
consequently  to  the  cause  of  humanity.  If  it  is  not  very 
interesting  for  the  public  to  kt.ow  who  is  the  author  of  a 
discovery,  of  which  they  enjoy  the  benefit,  it  is  of  great 
importance  that  discoveries  should  be  made  ;  and  the  most 
certain  means  of  increasing  them,  is  to  render  full  and  en- 
lire  justice  to  the  authors.  The  i*eception  given  to  theit 
works  is  the  most  flattering  part  of  their  recompense ;  and 
it  is  to  be  wantinar  in  c;ratitude  to  deprive  them  of  it. 

E. 
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JL  HAT  rain,  on  the  presence  or  absenceof  which  at  the  diffe- 
rent seasons  of  the  year,  vegetation,  and  the  succe><s  of  agri- 
culture, in  great  measure  depend,  and  also  the  temperature  of 
the  atmosphere,  to  whose  influence  both  animals  and  vege- 
tables are  subject,  arises  from,  or  at  least  is  strictly  con- 
nected with,  the  various  directions  and  velocities  of  winds, 
is  well  known.  Nor  has  it  escaped  observation,  that  the 
primary  cause  of  the  direction  of  the  wind  from  a  given 
quarter,  as  well  as  of  the  velocity  of  its  progress,  is  the  rare- 
faction of  the  atmosphere  in  that  tract  towards  which  it 
blows.  The  reason  why  air  does  not  rush  in  from  all  sides 
towards  the  rarefied  tracts,  seems  to  me  to  be  the  inequality 
of  its  density  in  the  surrounding  tracts  ;  for  from  that  quar- 
ter, in  which  the  mercury  in  the  barometer  stands  highest, 
the  air  must  preferably  proceed.  If  the  density  be  equal  on 
all  sides,  as  in  some  confined  tracts,  a  hurricane  happens : 
hence  the  advantaQ;e  of  ascertainino;  and  comnaring  the  de- 
grees  oi  its  velocity ;  lor,  those  bcinir  known,  its  cause  and 
degrees  of  rarefaction  may  with  great  probability  be  infer- 
red. Two  causes  of  rarefaction  are  already  known, — solar 
heat,  and  some  internal  chemical  action,  bv  which  a  quan- 
tity of  air  is  converted  into  water,  and  sometimes  even  into 
a  stony  substance;  this  last  being  the  most  sudden  and 
•  •omplete,  the  rarefaction  of  the  neighbouring  air  arising 

•  From  »he  Transacti>jns  of  the  Royal  Irish  Academy,  for  1808. 
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from  it  is  by  far  the  most 'violent,  but  commonlv  of  a 
much  shorter  duration  and  extent.  An  accurate  iMcasure 
of  the  velocity  of  w  ind  has  long  been  soug;ht  bv  nicteoro- 
logisiS  :  several  have  btren  devised  on  the  Continent,  but 
only  two,  lh;it  \  know  of,  in  Euiiland.  That  which  I 
now  lay  before  the  Acadeniy  seems  to  me  ta  be  the  sim- 
plest and  best  adapted  to  the  purpose. 

1 .  The  force  of  wind,  lo  whvcli  the  degree-. •?  of  its  velocity 
are  proportional,  is  measured  bv  that  of  gravity  indicated  in 
pounds  and  parts  of  a  pound  avoirdupois  ;  \\\<^  calculation  is 
grounded  on  the  observations  of  Mr.  Smeaton,  in.  the 
^Philosophical  Transacti;nis,  vol.  li.  p.  Ifij.  ;, 

..  S.  Mr.  Smeaton  indeed  observes,  that  theevidence  of  the 
velocity  is  not  so  great  where  this  exceeds  50  miles,  at>v^■l»en 
50  or  under;  yet,  from  its  agreement  with  other  observa- 
tions^  I  am  inclined  to  think  it  fullv  sufficient. 

3.  A  velocity  of  123  feet  per  second  was  observed  at 
Petersburgh,  an.  1741,  3  Much.  4GS,  thai  is,  at  the  rale  of 
63'S  miles  per  hour. 

4.  According  to  Lalandc,  in  his  Treatise  on  Navigation, 
42  Roz.  Jour.  921,  the  course  of  the  trade  wine's  is  be- 
tween 6  and  7  miles  an  hour. 

5.  Mr.  Brice,  Philosophical  Transactions,  1756,  p.  226, 
observed  a  storm  whose  velocity  was  63  miles  per  hour. 

6.  A  fair  wind  at  sea,  is  that  whose  velocity  amounts  lo 
20  feet  per  second,  or  i3-tJ3  miles  per  hour.  Ibid. 

/.  Bouguer  found  the  velocitv  of  winter  storms  to  be 
about  34  miles  per  hour,  and  in  summer  nearly  43.  Ibid. 

The  distance  from  Holyhead  to  the  Pigeon -house  is  70 
miles ;  then  supposing  the  wind  to  be  du'ect,  and  its  velo- 
city 30  miles  per  hour,  and  if  we  suppose  the  packet-boat 
to  assume  0*4  of  the  velocity  of  the  wind,  it  uill  arrive  at 
the  Pigeon-house  in  5*5  hours. 

Let  VV  denote  the  velocity  of  wind   in    the  open  air,  or 
meeting  no  oppo-^^ition  ; 
D  =  the  distance  of  the   place  towards   which  the 

wind  tends; 
N  the  number  of  hours  it   requires  to  traverse  that 
distance  ; 
Then  any   two   of  these  being  known,  the  other  may  be 
found  by  the  following  formulas. 

Thus  ifW=30,  D=70 

then    N:s=-]^  =  2-33 

■    D=30X  2-33  =  70 

W  =  .j.-;^^  =  30. 

A  well- 


Given. 

W.  D. 

Sought. 

N. 

W.N. 

D. 

D.  N. 

W. 

0-1  W.  D. 

0-4  W.  N. 
D.  N\ 
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•  A  well  -  sailing  ship' assumes  ^  of  the  velocity  of  the  wii:id-. 
T-iie  best-sailing  ship  0*4  ot  the  vvi«tl''s  velocity. 

The  al'ove  formulas  ftppUcd  to  the  calculation  of  a  ship's  way. 

Given.  Sought.,, 

14-  )  W 

D.D  =  0'4WN 
.0-4W.0-4W  =  ,"- 

".  Thivs  the  wind  30,  and  the  distance  70  miles,  then  the 
luimber  of  hours  reqiiiiite  to  traverse  that  distance  will  be 
o-S  for  30x0-4=;  [10  and  l-2)70  =  J-S  hour?. 

Again  0*4  W.  being  12,  and  the  hoi^js,  5"S,  being  given,, 
the  distance  70  miles,  we  have  5*8  x  13  =  G9-6.  by  the  se- 
cond torniula. 

And  lastly,  the  number  of  hours  —  5-S,  and  space  in 
miles  =  70  being  given,  we  have  0*4  of  the  velocity  of  the 
wind  =  4-.^  =12;  and  dividing  this  by  0-4  we  have  the 
rate  per  hour  of  its  course  in  the  lower  atmosphere. 

Explanation  of  the  Drawing.  (Plate  IX.) 
Fig.  ].  The  anemometer,  with  a  vane  or  weather-cock 
placed  on  the  top,  to  show  the  direction  of  the  lighter 
winds,  which  could  not  be  known  by  the  anemometer,  on 
account  of  the  weight  of  the  necessarv  appendages  an- 
nexed to  it.  This  is  raised  of  a  sufficient  height  aijove  the 
building,  supported  bv  a  vertical  axis  or  pole;  the  ]o\\er 
end  oi  it,  passes  through  the  rcuf  and  cieling  into  an  apart- 
ment below. 

'  Fig.  2.  The  lower  part  of  the  pole  or  vertical  axis  aa.  fig.  1 . 
more  enlarged,  to  give  a  better  view  of  the  necessary  ap- 
pendages. This  pole  is  made  of  a  slender  spar,  such  as  are 
made  use  of  for  strong  setting  polc-s  for  lighters,  and  han- 
dles for  boat-hooks,  as  not  being  alfected  bv  lighlnintj, 
which  iron  too  often  is,  and  the  cause  of  the  destruction  of 
buildings  and  many  lives.  To  this  j)oIe  is  fastened  a  frame 
of  light  wood  by  screws,  in  which  the  weights  are  con- 
/aned,  one  on  the  top  of  another,  in  grooves,  in  such  a 
manner  as  to  work  up  and  down  with  the  greatest  faci- 
lity. The  weights  are  connected  together  by  cords,  and 
marked  I,  2,  3,  4,  &C. ;  the  space  between  each,  when 
drawn  up  bv  the  force  of  the  wind,  is  about  one  inch,  as 
»nay  be  seen  bv  the  drawing,  and  eacl)  weitjhs  one  pound 
avoirdupois.  To  the  top  weight  is  fastened  a  line,  and  pass- 
ing aloni^  the  pole  to  the  top^  and  over  a  brass  pulley  fixed 
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at  the  bottom  of  the  square  tube,  under  the  sliding  rod  «. 
fg.  3.  as  far  as  {a),  and  there  fastened  :  in  this  shding  rod 
a  groove -or  channel  is  cut  underneath,  to  receive  the  line, 
so  as  not  to  impede  its  passage  over  the  brass  rollers  /y. 
The  line  is  composed  ot'  a  number  of  common  sewing 
threads,  laid  in  different  directions,  well  waxed,  and  in- 
closed in  a  cotton  case,  to  prevent  as  much  as  possible  its 
extension  or  contraction  by  the  changes  of  the  atmosphere. 

Fig.  3.  Tlie  wooden  pipe  or  tube  two  inches  stjuare, 
fastened  on  the  top  of  the  pole  aa.  fig.  t.  open  on  the  side, 
to  show  the  manner  that  the  sliding  rod  b  passes  over  the 
brass  roWti-a  fj"/,  when  the  wind  is  sufficiently  strong  to 
lift  up  one  pound  by  its  force  on  the  square  surface  pre- 
sented to  it,  as  (/')  and  (c),  fig.  4. 

Fig.  4.  The  wooden  pipe  or  tube,  in  which  are  inclosed 
the  sliding  rod,  rollers,  and  line,  from  the  effects  of  the 
weather. 

Fig.  5.  The  wooden  frame,  made  of  light  wood,  one  foot 
square,  covered  over  with  very  thin  sheet  brass,  strongly 
painted,  and  varnished  with  copal.  This  frame  is  fastened 
to  the  sliding  rod  b.  fig.  3.  by  means  of  a  mortice,  &;c. 

Fig  6.  An  enlarcrcd  view  of  the  scale  and  index,  which 
masks  the  greatest  force  of  the  wind  during  the  absence  of 
the  observer,  which  is  attached  to  the  frame  confining  the 
weights,  as  gh.  fig.  2. ;  and  beinjr  connected  with  the 
hand  fastened  on  the  top  weight  {d.  fig.  Q.)  raises  the  small 
weight  {e) ;  and  this  being  counterpoised  bv  another  of 
equal  vveight,  by  means  of  a  line  passing  over  a  small  pulley, 
as  represented  bv  this  fig.  and  also  g.  fig.  2,  occasions  the 
sniall  weight,  with  its  index,  to  slop  at  the  number  of 
pounds  raised  by  the  force  of  the  wind,  though  they  should 
tall  down  into  their  proper  places  on  the  wind's  abating. 

Tlie  bottom  of  the  vertical  axis  or  pole  f.  fig.  2,  is 
sheathed  with  a  steel  point,  and  a  socket,  which  rest  on  a 
vooden  stand  or  frame,  as  at  d.  fig.  1,  so  as  to  turn  with 
ease,  and  avoid  as  much  as  possible  any  friction. 

1  have  also  to  remark,  that  in  order  to  render  this  simple 
machine  more  complete,  and  answer  the  purpose  of  an 
anemoscope,  as  well  as  an  anemometer,  it  is  only  neces- 
sary to  applv  to  that  pan  of  the  pole  or  axis,  which  is  in 
the  apartrnent,  an  index,  and  attach  to  the  cieling  a  thin 
deal  board,  or  a  sheet  ol  pasteboard^  with  the  points  of  the 
compass  marked  thereon. 
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A  Tulie  showing  the  Velocity  of  the  Wind  in  Miles  per 
Hour,  ind'tdited  bij  Avoirdupois  Founds  and  Parts. 


Pounds 

and 
i»arts. 


Denomina- 
tions. 


Pleasant 
wind. 


Grisk  gale. 


Very  brisk 
gale. 


High  wind, 

Very  high 
wind. 


Pounds 

and 
Parts. 


Denomina- 
tions. 


J 

_! 

Pounds 

and 

~'  Parts. 

O  ; 

2 

1 

Denomina- 
tions. 


Great  storm. 

Very  great 
storm. 

Violent  tem- 
pest. 

Hurricane. 


1- 

13-923 

14-40-4 

15-(t07 

15-518 

1G089 

\r,-(i30 

17-171 

17-715 

18-103 

19-091 

19-779 

20  437 

21-158 

-2!-y46 

22-5:H 

23-222, 

23-910 

24-602 


*sj*  The  above  table  is  I'ollowed  by  '•  A  synoptical  View 
of  the  State  of  the  JVeaiher  at  Dublin,  in  the  Yeai  1805," 
niarkino  the  variatioiis.  of  the  wind;  the  state;  of  the  baro- 
meter, thermometer,  &c. — In  this  synoptical  table  the  force 
of  the  wind  is  noted  under  columns  headed  in  the  following 
manner;   (Edit.) 

Force  of  the  IVind  as  indicated  hy  the  Anemometer^ 
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.12   O 

is 

2  o 

*:«    0 

s  ^ 
2  2 

1  2 

m  -- 

t>CM 
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>o 

0^ 
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> 
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XXXV.  Analysis  of  the  Mtcanique  Celeste  ofM.  La  Place. 
By  M.  BiOT. 

[Continued  from  p.  209  ] 

J.  HE  author  also  considers  the  general  case  in  which  ihc 
spheroid,  supposed  to  be  alwavs  fluid  at  its  surface,  inay 
contain  a  solid  nucleus  of 'any  s'ven    fioure    noi   differ- 
ing  nnich  from  the  sphere.     The  radius  drawn  from  the 
centre  of  gravity  of  the  spheroid  (o  the  surface,  and  the  law 
cfgrvivityat  this  surface,  have  certain   general  properties, 
which  the  author  has  found  out,  and  which   arc  the  more 
important  as   being  independent  of  all  hypothesis.     The 
first  consists  in  this,  that  in  the  state  of  equiHbfium>  the 
fluid  part  of  the  spheroid  must  always  be  arranged  \v  such 
a  way  that  the  centre  of  gravity  of  the  external  surface  may 
coincide  with  that  of  the  spheroid.     Tlic  permanent  slate 
of  equilibrium  in  which  the  celestial  bodies  are,  also  brings 
to  liiiht  some  properties  of  their  radii ;  for  this  state  requires 
that  these  bodies  should  turn,  if  not  exactly,  at  least  ver^' 
nearly  so,  round  one  of  their  three  principal  axes.     Hence 
result  certain  conditions  which  their  radii  must  satisfy,  and 
these  arc  explained  by  the  author  in  a  very  simple  manner. 
He  afterwards  obtains,  by  the  diiTerenciationof  the  gene- 
ral  equation  of  the   equilibrium   of  spheroids,  the  law  of 
gravity  at  their  surfaces  ;  and  he  deduces  from  it  the  length 
of  the  seconds  pendulum,  which  is  proportional  to  this  gra- 
vity.   Finally,  the  developed  expression  of  the  radius  of  the 
spheroid  gives  Jjim  the  osculating  radius,  and  consequently 
the  degree  of  the  meridian.  These  formulae  possess  the  valu- 
able advantage  of  being  absolutely  independent  of  the  interior 
constitution  of  the  spheroid  ;  I.  e.  of  the  figure  and  density 
of  its  layers.     They  depend  solely  on  the  expression  of  its 
radius,  with  which  they  are  connected  by  very  simple  rela- 
tions. On  comparing  these  relations  with  each  other,  we  find 
that  the  parts  of  the  radius  which  enter  under  a  finite  form 
into  the  expression  of  gravity  and  length  of  the  pendulum, 
undergo  two  successive  differenciations.  in  order  to  pass  into 
the  expression  of  the  degree  of  the  m.eridian,  and  would 
consequently  undergo  three  in  the  variation  of  two  conse- 
cutive degrees ;  and   as  the  differential  of  a  quantity  raised 
to  any  given  power  is  always  multiplied  by  the  index  of  this 
power,  it  results,  that  terms  scarcely  sensible  in  themselves 
in  the  expression  of  the  length  of  the  pendulum  might,  if 
elevated  to  high  powers,  become  considerable  in  the  varia- 
tion of  the  degrees;  which  explains  in  a  very  simple  man- 
ner. 
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ncF;  how  it  is  possible  that  the  observed  kngths  of  the  se- 
conds penduUim  increase  from  the  equator  to  the  pole,  nearly 
ill  proportion  to  the  square  of  the  sine  of  the  latitude,  whilst 
the  variaiious  of  the  observed  degrees  of  the  meridian  differ 
perceptibiv  from  this  law.  For  the  same  reason,  the  aber- 
ration of  the  elliptic  figv.re  will  be  less  sensible  in  the  value 
of  the  horizontal  parallax  of  the  moon,  which  is  propor- 
tioned to  the  terrestrial  radius,  than  in  the  expression  of  the 
length  of  the  pendulum  which  is  given  bv  the  differencia- 
tion  of  the  equation  of  equilibrium  into  which  the  radius  of 
it>e  spheroid  enters  under  a  finite  form.  The  preceding  for* 
mulae  may  also  serve  to  verify  the  hypotheses  necessary  for 
representing  the  measured  degrees  of  the  meridian.  The 
author  ha?  made  an  application  to  that  whicb  Boujuer  pro^ 
posed,  name!}',  to  suppose  the  increments  of  the  deirrtfe<t 
from  the  equator  to  the  pole  proportional  to  the  fourth 
power  of  the  sine  of  (he  latitude  ;  and  he  proves  that  this 
law  is  inadmissible. 

The  author  applies  these  general  results  to  the  case  iii 
which  the  spheroid  not  being  solicited  bv  foreiijn  im- 
pulses is  formed  of  elliptic  layers,  all  of  them  havin^^  their 
centres  at  the  centre  of  gravity  of  the  fluid.  We  have  seen 
that  this  case  is  that  of  the  earth  supjiosed  to  be  primitively 
fluid  ;  and  the  author  proves  that  it  would  still  agree  wifH 
it  in  the  bypothesis  of  the  figures  of  its  layers  beincr  simi. 
lar.  He  dtduces  from  it,  that  then  the  radii  diminish,  and 
the  decrees  increase  from  the  equator  to  the  pole  proper- 
lionallv  to  the  square  of  the  sine  of  the  latitude,  fie  proves 
also  by  the  help  of  the  same  formulae,  that  on  the  most  pro^ 
b.iljle  suppositions,  suppositions  which  become  necessarv. 
if  the  Sjiheroid  has  been  originally  fluid,  its  oblatfeness  inu?^ 
be  less  than  in  the  case  of  homogeneity.  Finally,  he  esta- 
blishes between  the  elhpticity  of  the  earth,  and  the  variatioA 
of  the  pendulum  from  the  equator  to  the  pok%  this  remark- 
able relation  :  Putting  iiwty  fnr  the  length  of  the  pendithan 
fit  the  eqiialor  as  rm/ch  as  the  eUipticify  of  the  earth  stir- 
passes  that  which  would  take  place  in  the  ease  if  homo^fe- 
neiti/,  in  the  same  proportion  is  the  total  intwase  <ftfti 
pendulum  from  the  equator  to  the  pole  -exceeded  In/  thai 
nhich  ironld  take  place  in  the  same  case ;  and  reciprocally ^ 
so  that  the  sum  of  this  increase  of  the  elljpticity  forms  u 
constant  quantity.  ' 

The  author  afterwards  determines  the  attraction  of  sphe- 
roids the  surfaces  of  uhich  are  fluid  and  in  equilibrium^  ati 
hypothesis  which  takes  place  with  respect  to  the  earth,  and 
which  il  seems  Dataral  to  extend  to  the  other  bodies  of  tin; 

system 
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system  of  the  world.  He  afterwards  gives  an  extremely 
simple  expression  for  the  law  of  gravity  at  the  surface  of 
homogeneous  spheroids  in  equilibrium,  v/hatever  may  be 
the  index  of  the  ^>ower  to  which  the  attraction  is  propor- 
tional :  for  this  purpose  he  makes  nse  of  the  equation 
which  takes  ])lace  at  the  surface  of  spheroids  differing  very 
hitlc  from  the  sphere;  and  he  deduces  that  in  general,  if 
the  spheroid  be  a  homogeneous  fluid  and  endowed  with  a 
rotatory  motion,  the  gravity  varies  from  the  equator  to  the 
pole  proportionally  to  the  square  of  the  sine  of  the  latitude  ; 
and  what  is  singularly  remarkable,  this  variation  vanishes 
when  the  attraction  is  proportional  to  the  cube  of  the  di- 
stance; so  that  in  this  case  the  gravity  at  the  surface  of  ho- 
mogeneous spheroids  is  every  where  the  same,  whatever 
may  be  their  rotaiory  motion. 

In  the  preceding  inquiries  the  author  has  supposed  fh« 
effect  of  the  centrifugal  force  and  of  the  foreign  attrac- 
tions to  be  very  small,  with  respect  to  the  attraction  of 
the  spheroid,  which  has  admitted  of  his  neglecting  the 
square  and  the  other  powers  of  these  forces,  as  well  as 
quantities  of  the  same  order :  but  he  shows  that  it  is  easy 
to  e.^tend  the  same  analysis  to  a  case  in  which  it  fnay  be 
necessary  to  preserve  them.  At  last  he  arrives  at  this  im- 
portant coriclusion, — that  the  equilibrium  is  rigorously  pos- 
^ible^  although  it  is  only  by  successive  approximations  that 
we  can  assign  the  tigure  which  satisfies  it.  Such  is  the  re- 
sult of  M.  La  Place's  labours  ox\  the  attractions  of  sphe- 
roids. The  uniform  and  direct  manner  in  which  this  the- 
ory, so  abstract  and  difficult,  i?  derived  by  simple  diflerenci- 
r.tions  from  a  single  fundamental  equation,  is  doubtless  oneof 
^he  most  remarkable  thip.gs  that  analysis  has  ever  efiected. 

In  order  to  co!i;pare  the  preceding  results  with  observa- 
tions, it  is  necessary  to  know  the  curve  of  the  terrestrial 
meridians,  and  that  which  we  trace  by  a  course  of  geodesic 
operations.  If  by  the  axis  of  rotation  of  the  earth,  and  by 
the  zenith  of  a  place  on  its  surface,  we  imagine  a  plane 
prolonged  to  the  heavens,  this  plane  will  there  trace  the 
circumference  of  a  great  circle,  which  will  be  the  meridlaa 
of  the  place  ;  and  all  the  points  on  the  surface  of  the  earth, 
which  will  have  their  zenith  in  this  circumference,  will 
be  under  the  same  celestial  meridian.  These  points  are 
therefore  such  that  the  normals,  drawn  through  them  to 
the  surface  of  the  earth,  are  all  parallel  to  one  and  the 
same  plane.  According  to  this  condition  the  author  deter- 
mines the  curve  which  they  form  on  the  surface.  This 
curve,    which   is  the  terrestrial  meridian,  is  plane  it  the 

spheroid 
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lipheroid  be  one  of  revolution,  but  iu  the  general  case  it  has 
<L  double  curvature. 

The  geodesic  hue  is  a  curve  whose  first  side  is  a  tangent 
in  any  "ivcn  direction  to  the  surface  of  the  earth,  its  se- 
cond side  is  the  prolongation  oi  this  tangent  bent  according 
to  a  vertical,  and  so  on.  According  to  this  condition,  the 
author  detcrinines  the  equation  of  this  curve,  which  is  Uie 
shortest  tliat  can  be  drawn  between  two  points  given  on  the 
surface  of  the  earth. 

The  geodesic  line  is  very  proper  for  enabling  us  to  be- 
come acquainted  with  the  true  figure  of  the  earth.  In  fact, 
we  may  conceive  at  every  point  of  the  surface  of  the  earth 
a  tangent  ellip-^oid,  and  on  which  the  geodesic  measure- 
ments, the  longitudes,  and  latitudes,  reckoning  from  the 
points  of  contact,  would  be  in  a  small  extent  the  same  as 
at  this  surface.  If  tiic  earth  were  an  elHpsoid,  it  would 
coincide  with  the  tangent  ellipsoid,  which  would  be  every 
w,hcre  the  same  ;  but  if  this  circumstance  did  not  take  place, 
thetangent  ellipsoid  would  vary  from  one  country  to  an- 
other; and  these  variations,  which  it  is  interescini:,  to  know, 
could  only  be  determined  by  geodesic  admeasurenieuts  made 
in  different  directions  and  in  different  countries. 

The  surface  of  the  earth  being  supposed  to  differ  a  jitlic 
from  the  spliere,  the  author  gives  the  equation  of  ihe  geo- 
desic line;  and  considering  in  the  first  place  the  case  in  which  • 
the  first  side  of  this  line  is  parallel  to  the  corrcspondinic 
plane  of  the  celestial  meridian,  he  deduces  from  it  liie  : 
length  of  the  arc  comprised  between,  two  given  latitude^. 
If  the  terrestrial  spheroid  be  one  of  revolution,  this  arc  -irid 
the  whole  curve  are  in  one  and  the  same  plane,  winch  is 
that  of  the  celesiial  meridian.  It  varies  from  it  when  the 
parallels  are  not  circles  ;  so  that  the  observation  of  this  va- 
riation may  throw  some  light  on  this  important  point  of  the 
figure  of  the  earth.  The  author  by  a  very  delicate  analysis 
shows,  that  if  the  tirst  side  of  the  geodesic  line  be  p.irallel 
jto  the  corresponding  plane  of  ihe  celestial  meridian,  the  dif- 
ference of  longitude  of  the  two  extremities  of  the  measured 
arc  is  equal  to  the  azimuthai  angle  of  the  extremity  of  the 
arc  divided  by  the  saie  of  the  latitude.  This  very  simple 
result  is  independent  of  the  interior  constitution  of  the 
earth,  and  of  the  knowledge  of  its  figure.  It  is  of  very 
great  importance  in  this  theory;  since,  if  the  azitiiuthal  anule 
observed  is  such  that  we  cannot  ascribe  it  to  errors  m  thp 
observations,  we  niight  conclude  with  certainty  that  the 
earth  is  not  a  spheroid  of  revolution.  The  author  after- 
guards considers  the  case  in  which  the  firs:  side  of  the  geo- 
t'jj  desic 
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desic  line  ispeypcndieij^larUo'ihc  correspond ing  plane  of  the 
terrestrial  meridian,  and  he  obtains  an  equation'  which  de- 
termines the  difference  of  latitadeoF  the  two  extremitves  of 
the  arc.  It  is  very  Yernarkaijiethat-'thfe  fnncti'on;  whidh 
gives  this  ditVeronee  ii5  eqivii  to  the  nzimirtha!  ang-lf  observed 
at  the  extremih.'-or'thL'  Salnearc,  n>6M4nn-d  in  the  direction 
of  the  meridiivn  -and  divitied  bv'Fhe  ranjrent  of  the  latitude 
at  the  first  point' of  thi^  arc.  This  function  mav  therefore 
be  determined  two  ways;  and  we  nnglit  judire  if  the  values 
found,  whether  of  the  diRerence  of  the  latitudes  or  of  the 
azimuthal  angle,  are  owing'to  the  errbrs  of  oljserx'ations  or 
to  the  eccentricity  of  the  terrestrial  paraHeis.  The  author 
afterwards  calculates  the  difference  in  lon^ritude  of  the  two 
extremities  of  the  arc  measured  in  the  direction  of  the  pa- 
rallels, as  well  as  the  azimuthal  angle  formed  by  the  t^x- 
tremitv  of  this  are  wiilvthe  corresponding  plane  of  the  ce- 
lestial meridian.  Finally,  he  determines  the  osculating 
radii  of  the  geodesic  lines,  whether  drawn  in  the  direction 
of  the  meridian  or  in  the  directimi  of  the  parallels,  and  he 
deduces  from  it  thdt  bf'the-  gebdes^c  line,  which  forms  with 
the  meridian  any  given  angle.  Considering  afterwards 
the  osculating  ellipsoid,  the  author  teaches  us  how  to  de- 
termine it  from  the  measurements  of  the  earth. 

We  have  previously  seen  that  the  elliptic  figure  must 
be  that  of  the  earth  and  the  planets,  supposing  them  to 
have  been  originaliv  fluids,  if  in  other  respects,  by  becom- 
ing hard,  they  have  preserved  their  prinntive  tigure:  it -was 
theretore  natural  to  compare  with  this  figure  the  measured 
degrees  of  the  meridian  ;  but  thi^s  comparison  has  given  for 
the  figure  of  the  terrestrial  meridians  dilTerent  ellipses,  and 
which  are  too  far  removL-d  horn  the  observations  to  be 
admitted  ;  whence  it  follows  that  the  tigure  of  the  earth  is 
more  complex  than  had  !"»een  ai  tirst  supp^)sed.  Neverthe- 
less,before  abandoning  the  elliptic  figure  entirely,  it  is  im- 
portant to  determine  that  it)  which  the  error  is  smaller  than 
in  anv  other  of  the  same  nature.  The  author  gives  two 
diifercnt  methods  for  attaining  this  object;  the  first  is  gene- 
rally applicable  at  all  tijnes,  when  we  have  a  certain  number 
of  ob?ervalions,  which  we  suppose  to  be  represented  by  a 
function  whose  form  isgivtii;  it  is  requisite  to  determine 
this  Function  in  such  a'U>anncr  that  the  errors  of  observa- 
lifln  niaiy  be  less  than  in  anv  other  of  the  same  f<)rm. 
'Having,  for  instance,  anv  given  number  of -observations  of 
"a  comOt,  we  mav  by  their  means  dcHerrtiine  the  parabolic 
tirbit  in  which  the  greatest  error  is  ■  (abstracting  from  the 
■sigti  (if  -t lie- error);  4ejis  than-in  any'olhet  of-ihfe^saTi)e  -uaiiiTe': 
t.  ...         2  •'.'..  but 
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but  this  method  requiring  very  tedious  calculations,  when 
the  nimiber  of  observations  is  considerable,  the  author 
gives  one  more  expeditious,  and  applicable  to  the  observed 
lengths  of  the  pendulum  and  of  the  degrees  of  the  meridian. 
The  ellipsis  determined  by  this  method,  serves  to  ascertain 
whether  the  elliptic  fit^ure  is  within  the  liiiiits  of  the  errors 
of  the  observatums  :  but  even  bv  this  it  is  not  that  which 
the  measured  decrees  indicate  with  most  probabilitv.  This 
last  in  the  author's  opinion  ouuht  to  possess  the  two  follow- 
ing properties:  1st,  That  the  sum  of  the  errors  com- 
mitted in  the  measurements  of  the  whole  measured  arcs 
should  be  nothing.  2d,  That  the  sum  of  these  errors,  all 
of  them  being  taken  positive,  should  be  a  minimum.  He 
ffives  a  method  for  determinmo;  it  accordincj  to  the  fore- 
going  conditions;  and  this  method,  which  employs  the  whole 
lengths  of  the  measured  arcs,  has  the  advantage  of  giving, 
as  it  ought  to  do,  so  much  more  influence  to  each  of  these 
arcs,  as  it  is  more  considerable  in  ieuiith. 

The  author  applies  these  methods  to  the  degrees  measured 
at  Peru,  the  Cape  of  Good  Hope,  Pennsylvania,  Italv, 
France,  Austria,  and  Lapland.  The  result  is,  that  in  the 
elliptic  hypothesis  we  cannot  avoid  an  error  of  199  metres 
on  some  of  these  degrees;  which  is  by  far  too  considerable. 
The  eliipticity  corresponding  to  this  minimum  of  erior  is 

equal  to——,  the  polar  axis  being  taken  as  unity.  The  most 

probable  ellipse  gives  this  eliipticity  =  — -,  and  it  supposes 

an  error  of  336  n)etres  in  the  degree  measured  in  Pcnnsvl- 
vania  ;  which  appears  inadmissible.  This  result  conhrjus 
what  was  said  before,  that  the  earth  differs  sensiblvfrom  au 
elliplic  figure.  But  there  remains  no  longer  anv  doubt  re- 
specting this,  when  the  author,  applying  the  same  analysis 
to  the  operations  lately  made  with   so  much   care  by  De- 

lambre  and  Mechain,  deduces  from  ihem  —_- for  the  earth's 

eliipticity;  an  oblateness  which,  as  the  auihor  observes, 
cannot  subsist  either  with  the  phjEuomcna  of  gravity,  or 
with  those  of  precession  and  nutation  ;  for  these  pheno- 
mena do  not  permit  us  to  suppose  the  earth  to  possess  an 
oblateness  greater  than  in  the  case  of  houwceneitv,  or  above 

— -,  and  the  extreme  accuracv  and  care  used  in  the  opera- 

tions  by  the  able  astronomers  just  named  do   not  admit  of 

our  ascribing  the  variation  to  the  errors  of  the  observations. 

To  determine  decidedly   the  magnitude  of  the  quarter  of 

Vol.  3].No.  13S.  Oc^oZ'e/- ISOO.  R  the 


"258     ylna!ysis  of  the  Mccanique  Celeste  of  M.  La  Vlace. 

the  terrestrial  meridian  from  the  arc  comprised  and  observed 
belwcL'ii  Dunkirk  and  Mont-Jouy,  it  is  necessary  to  r.dopt 
an  hypothesis  for  the  ligiire  of  ihc  earth  ;  and  by  means  of 
the  irregularities  which  it  presents,  tlie  most  simple  is  that 
of  an  ellipsoid  of  revolution.  Assuming  this  supposition, 
and  cQmparing  the  arc  measured  in  France  with  that  mea- 
sured at  the  equator,  we  deduce  the  quarter  of  the  meridian^ 
and  the  length  of  the  metre,  which  is  the  ten  millionth  part 

of  it.  This  comparison  gives  ---  for  the  earth's  elliplieity. 

The  author  then  shows,  that,  whatever  may  be  the  figure 
of  the  earth,  the  observed  diminution  of  the  degrees  of  the 
meridian  from  the  pole  to  the  equator  requires  a  corre- 
sponding augmentation  in  the  terrestrial  radii,  and  conse- 
quently an  oblateness  in  the  dircciion  of  the  poles.  He 
then  passes  to  the  comparison  of  the  elliptic  hypothesis 
with  tlie  observed  lengths  of  the  seconds  pendulum.  Taking 
for  this  purpose  fifteen  selected  observations,  he  shows  that 
all  may  be  reconciled  to  an  elliptic  figure,  by  only  admitting 
an  error  equal  to  the  eighteen  hundred  thousandth  of  the 
observed  length.  The  cllipticity  corresponding  to  this  mi- 
nimum of  error  is  ^^^—^  and  that  civen  bv  the  mo6t  probable 
321  "^  ^ 

elliosis  is  ^    -,    '  Ey  this  v.e  perceive  that  the  aberrations  of 

the  elliptic  li2;ure  arc  less  sensible  in  the  va.riations  of  the 
len<xth  of  the  jiendulnm  than  in  that  of  the  degrees  of  the 
meridian.  The  theory  of  the  attractions  of  spheroids" gives, 
as  the  author  has  before  observed,  a  very  simple  explana- 
tion of  this  circumstance. 

The  author  applies  the  same  methods  to  Jupiter,  whose 
oblateness  has  been  determined  with  accuracy.  He  first 
supposes  this  planet  to  be  homogeneous,  and  compares  the 
oblateness  computed  on  this  hypothesis  with  the  observa- 
tions. 1  he  rt suit  being  found  loo  great,  the  author  con- 
cludes that  Jnpiicr  is  less  oblate  than  he  would  be  if  he 
were  homogeneous,  and  that  his  density  increases  like  the 
earth  from  the  surface  to  the  centre.  In  this  case  theory 
establishes  limits  between  which  must  be  comprised  the  ra- 
tio of  the  two  axes;  here  these  limits  are  very  nearly  ap-> 
}iroachcd,  and  the  author  shows  that  the  observed  axes  of 
Jupiter  are  contained  within  them,  so  that  gravity  is  yet  on- 
the  point  of  agreeing  perfectly  with  observations. 

The  author  then  employs  liimseif  vuith  Saturn's  ring  :  he 

supposes  that  an  infinitely  thin  fluid  layer  spread   into  this 

surface  would  be  in  equilibrium  inconsequence  ot  the  forces. 

t>  which 


Ariaiysis  of  the  Mecamcme  Celeste  of  M.  La  Place.     259 

Which  animate  it;  and  it  is  according  to  the  condition  of 
this  equihbrium  thxt  he  deterniint'S  the  figure  of  the  rinos. 
To  obtain  it,  he  conceives  each  ring  as  engendered  by  the 
revohition  of  a  dossed  figure,  such  as  the  elhpse  moved  pcr- 
pendiculaKly  to  its  jiiane  about  tlie  centre  of  Saturn  placed 
on  the  prolongation  of  the  axis  of  this  figure.  Introducino- 
these  circumstances  ir»  the  equation  of  the  second  order  of 
partial  difi'erences  relative  to  tiie  attraction  of  spheroids, 
and  supposiuii  the  diuiensions  of  the  ring  to  be  very  small 
with  fLgard  to  its  distance  fn)ni  Saturn's  centre,  there  arise? 
an  intea,ral  equation,  which  is  the  same  as  if  the  anuidar 
surface  were  a  cylinder  of  >an  infinite  length:  and  in  fact 
we  see  that  this  case  is  very  nearly  that  of  the  ring  when 
the  attracting  point  is  near  its  surface.  But,  as  this  first  ap" 
proximation  is  not  in  general  suflicient,  the  author  gives  the 
means  of  obtaining  others  more  and  more  exact ;  and  he 
shows,  that  to  obtain  them  it  suffices  to  know  the  attrac- 
tions of  the  rings  on  points  placed  in  the  prolongation  of 
the  axis  of  theiv  generatins;  figure.  Considering  in  parti- 
cular tlie  case  where  this  figure  if;  an  ellipsis,  he  gives  the 
values  of  these  attractions,  as  well  on  a  point  distant  from 
the  rings  as  on  a  point  on  their  surface. 

He  then  supposes  the  ring  to  be  a  fluid  homf'2:eneous 
mass,  and  the  generating  curve  to  be  an  ellipsis.  The  oe- 
Jieral  equation  of  equihbrium  shows  in  ihis  hypothesis  the 
motion  of  rotation  of  the  ring,  and  the  cllipiiciiv  of 'the 
gencratino;  curve  ;  h.e  deduces  from  it  again  the  limits  of 
the  ratio  of  the  mean  density  of  Saturn  to  that  of  the  ring ; 
and  at  last  obtains  this  remarkable  resnh,  that  the  motion 
of  the  ring  is  the  same  as  that  of  a  satellite  as  far  distant 
from  the  centre  of  Saturn  as  the  ccr.ire  of  the  generating 
figure  is  from  it  ;  w  hich  exactly  conf(;rms  with  the  obser-  ' 
vations.  He  then  shows  that  the  preceding  theory  would 
still  subsist  if  the  oencrating  ellipse  Vc.ried  its  magnitude 
and  position  throughout  the  whole  extent  of  the  circum- 
ference of  the  rinc:,  which  might  thus  be  supposed  oF  an 
unequal  size  in  its  different  parts,  as  appears  to-  take  place 
in  nature.  .  Lastly,  he  demonstrates  tliat  these  inequalities 
are  necessary  to  maintain  the  ring  in  equilibrium  round 
Saturn:  to  prove  it,  he  supposes  the  rinor  to  be  a  circular 
line  whose  plane  passes  bv  the  centre  of  Saturn,  but  witli- 
out  the  two  centres  coinciding  :  and  he  shous  that  then  the 
centre  of  Saturn  will  always  rcjiel  the  centre  of  the  ring;  so 
that,  whatever  may  bo  the  motion  of  this  secoiid  cl;ntrc 
round  the  first,  the  curve  which  it  describes  would  be  con- 
vex towatds  Saturn:  it  would  finish  therefore   bv  -receding 

R  2  ■  TP.Qt^t 
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more  and  more  until  its  circumference  rc-united  itself  to 
the  surface  of  the  planet.  From  this  the  author  deduces, 
that  in  general,  if  the  ring  were  similar  in  ail  its  parts,  iis 
cci^ire 'Aould  be  always  rc^>ellcd  by  Saturn's  centre,  if  it 
ceased  evtr  so  little  to  coincide  with  it ;  so  that  the  slightest 
cause  aficcting  this  coincidence,  the  attraction  of  a  comet 
or  of  a  satcUitc,  would,  precipitate  tht  ring  d<nvn  to  Saturn, 
where  it  wouUi  be  united  for  ever.  It  is  therefore  neces- 
sarv,  ia  order  that  the  equilibrium  might  be  firm,  that  the 
rin«;s  of  Snturn  be  irregular  solids  of  unequal  width  in  the 
diPiCJCi'.t  ptiinis  of  their  circumference,  and  such  that  theif 
cxntre  «st"  fisure  should  not  coincide  with  their  centre  of 
srravily.  1  he  author  tlien  trents  on  the  figure  of  the  at- 
uto^pVieies  of  the  cckstial  bodies, 

A  rare,  transparent  and  compressible  fluid,  sustained  by  a 
bodv  which  it  environs,  and  on  which  ii  hangs,  is  what 
wc  call  its  atmosphere.  In  proportion  as  the  fluid  rises  fnsm 
the  body  it  becomes  more  rare  in  consequence  of  its  spring : 
but  if  its  exterior  sui-face  be  elastic  it  extends  without  end, 
and  terminates  by  being,  dissipated  in  space.  The  author 
concludes  from  these  considerations,  that  there  exists  a  state 
of  raritv  iu  which  this  tluid  is  without  spring,  and  that  it 
i^ust  be  found  ii^  this  state  at  the  surface  of  the  atmosphere. 
The  fi<^urc.c)f  this  surface  must  then  be  such,  that  the  result 
of  the  ceritrifugal  fV)rce  and  of  the  attractive  force  of  the 
bodv  must  be  per|>endicular  to  it;  which  gives  the  eauatiou 
of  this  Jigure-  C«)i}sidering  particularly  the  case  where  the 
covered  spheroid  diflers  Httle  from  the  sphere,  the  author 
deduces  the  equation  for  the  layers  of  tiic  same  density  of 
the  atmospPiere,  Observing  then  that  the  limit  of  the, at- 
mosphere must  be  such  that  the  centrifugal  force  of  it  be 
equal  to  the  gravity;  he  dcnuuutratcs  that  the  atmosphere 
has  on!v  one  possii>ie  figure  of  equilibrium,  in  which  the 
ratio  of  the  least  to  the  greatest  axis,  which  is  that  of  the 

2 
equator,  cannot  be  less  than  ^,     By  applying  these  results 

tQ  the  solar  atmosphere,  we  find  that  it  cai^  only  extend  to 
the  orbit  of  a  planet  which  would  circiilate  in  a  period  of 
time  equal  to  that  of  the  rotation  of  this'  IxkIv,  that  is  to 
say,  in  twenty-five  davs  and  a  half-  It  is  therefore  very  far 
from  reaching  the  orbits  o'i  Mercury  and  \'cmus.  The  zo- 
diacal  liixht  extends  far  beyond  these  orbits,  and  appears  in 
the  form  of  a  very  oblate  lens.  The  author  concludes  with 
certaintVj  that  it  is  not  the  sun's  atmosphere. 

EXD  OF  THE  THIBD  BOOK. 

[I'o  be  coatiuued.] 

XXXVr.  Cosmo- 
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XXXVr.  Cosmogony  of  the  Iroqjinis^  or  Five  Indian  Ntiiiom 
of  Canada  * . 

-1  HE  following  sketcli  oF  the  theological  notions  lieretofore 
entertained  bv  the  aboriginal  people  whose  descenclants  still 
inhabit  the  western  parts  of  New  Vork  aiul  the  southern 
region  (jf  Upper  Canada,  was  cour.iiunicated  to  Dr.  A'lit- 
cluli  at  Fort  Schuvkr,  in^the  year  IJSS,  by  the  late  reve- 
rend Sampson  Occoni,  the  famous  IMohctran  prcaehcr  and 
mis.^ionarv,  during;  the  neirotiatioii  betwei^n  the  comn^is- 
sioners  of  New  York  and  the  sachems  and  w  arri(^rs  of  the 
Six  Nations,  which  terminated  in  the  treaty  with  the  Onci- 
das,  Onondigas,  Senccas,  and  Cayugas  of  that  year.  Mr, 
Ciinfon  then  administered  the  government  of  tht  stare,  and 
met  the  Inctians,  in  person,  accompanied  bv  iMcisi'^.  Jones, 
L'Mommedicn,  Benson,  Varick,  and  Gangevoort,  as  agents 
on  the  part  of  the  Commonwealth, 

Their  tradition  eoncerninii  the  origin  of  the  world  and  of 
man,  though  wWil  and  ('ccentric,  has  still  the  merit  of  being 
as  credible  as  most  others  exiani.  An  account  of  it  was 
transmitted  manv  years  aoo  to  Dr.  Robertson,  the  celebrated 
historian  of  America,  bv  a  jjcr.^on  eminently  skilltd  in  In- 
dian researches.  And  it  would  pro!)ablv  have  been  noticed 
by  him,  had  he  finished  the  history  of  the  British  settle- 
ments in  North  America.  But  that  writer  iiavlnsj:  kft  only 
two  chapters  of  this  work,  the  one  on  the  coloniz.itiuti  of 
Virginia,  and  the  other  on  that  of  New  F,ngland,  no  men- 
tion is  made  of  the  character  and  peculiarities  of  these  peo- 
ple, apart  irom  the  general  survey  he  had  takeviof  the  abo- 
rigines in  his  fornicr  votnmes. 

Lieut. -governor  Co'dcn,  the  professed  historian  of  the 
Iroquois,  writes,  "  that,  as  to  v^hat  relieious  notions  the 
five  nations  of  Canada  have,  it  is  difiicult  to  judge  of  them  ; 
because  the  Indians  that  s]-)cak  any  English,  and  live  near  us, 
have  learned  manv  thin'j:s  of  us  ;  and  it  is  not  easy  to  distin- 
guish the  liotions  thcv  had  originally  among  themselves,  from 
those  they  have  learned  of  the  Christians.  It  is  certain  they 
have  no  kind  of  public  worship;  and  I  am  told  they  have 
no  radical  word  to  express  '  God,'  but  u?e  a  compound 
word,  s\^u\h\ug  the  preserver,  sustainer,  or  master  of  the 
ujiiverse  :  neither  could  I  learn  v\hat  sentiments  they  have 
of  a  future  existence.''  This  extract  is  taken  from  his  u4c- 
count  (f  the  Five  Indian  Nations  which  are  dependent  on 

*  Vrom  Professor  MitchilFs  Lectures  on  Natun-lHistor,',  de';vered  Alay 
l-7tli,   1809. 
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th(:  rrQvincc  r>f  New-York,  he.  And  ihis  work  was  pub^ 
lished  at  London  as  long  ago  as  1747.  Nolwiihstanding' 
ihe  difficulties  which  beset  every  inquirv  concerning  the  re- 
ligious rites  and  tenets  of  rude  nation?,  as  staled  by  Dr. 
Robertson  in  his  History  of  America,  h.  iv,  §  7,  the  pro- 
cessor has  thought  it  worth  the  whi'.e  to  preserve  this  rem- 
nant oF  antiquity,  and  to  state  it  to  his  audience,  rather 
than  suffer  it  to  perish  on  the  lips  of  a  declinvng  and  eva- 
nescent people.  He  offers  it  ns  a  singular  tradition,  and 
worthy  of  being  contained  in  the  Thengoma  of  Hcsiod. 

"  OriginaH) ,"  the  tradition  runs,  "  the  self-existing 
world  consisted  of  mud  and  water,  and  was  inhabited  solely 
by  a(]uaiic  animals  atid  birds. 

'*  At  this  time  there  was  an  universal  language  among 
the  creatures,  which  they  all  used  and  coulil  understand. 

'*  They  lived  together  in  a  most  happy  society,  and  per- 
formed for  each  other  various  and  numberless  offices  of 
friendship. 

*'  But  while  the  beings  of  the  nether  world  were  enjoy- 
ing thcniseives  in  these  ways,  a  scene  of  great  and  g-eneral 
concern  was  exhibited  in  the  world  of  spirits  above. 

"  A  distinguished  voung  warrior  in  those  upper   regions 
laboured  under  an  exhausting  and  dangerous  disease,  which 
,  rendered  his  restoration  to  health  extremely  doubtful. 

"  He  was  the  favourite  and  the  hope  of  the  celestials, 
who,  anxiouj  for  the  recovery  of  their  beloved  hero,  strove 
by  every  possible  means  to  comfort  and  cure  him.  And 
ihey  proffered  their  services  in  every  way  thafin  their  judge- 
ment might  relieve  or  delight  him.  They  were  unsparing; 
of  any  grailncation,  to  which  the  whiinsies  of  his  sickly 
brain  seemed  lo  be  inclined. 

"  OwQ.  day,  as  they  were  asseinbled  and  condoling  by  the 
loss  they  should  sustain  through  the  obstinate  and  increas- 
ing violence  of  the  malady,  a  messenger  arrived  from  the 
patient,  who,  in  a  hasty  and  panting  voice,  told  them, 
that  something  was  importunately  ret[U!red  of  them  by  their 
dying  friend.  The  languid  youth,  he  said,  wished  the  na- 
tion to  make  an  exertion  of  its  whole  strensth.  There  was 
a  tree  of  uncommon  size  and  of  threat  note  in  the  village. 
It  was  his  earnest  desire  that  this  tree  should  be  pulled  up 
by  the  roots.  Instantlv  the  work  was  undertaken.  Scaffolds 
•were  built  around.  Cords  were  twisted,  and  tied  to  the 
trunk  and  branches.  And  alter  ttiguinn:  a  long  timCj  the 
united  effort  of  the  whole  vorld  of  spirits  raised  the  tree 
from  the  earth,  and  held  it  suspended  ui  the  air. 

"  A  vast  and  terrible  cavity  was  left  beneath.     The  bot- 
tom 
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torn  of  ihis,  bv  reason  of  its  crookedness  and  depth,,  could 
not  he  traced  by  the  eye. 

^'  On  beinir  t6kl  tliat  the   tree  b;id  been  eradicated  ac- 
cordin-g  to  his  request,  the  tecl)ie  youth  begged  that  he  might 
be  conveyed  to  tlie  side  of  the  chasin  and  seated   there.     It 
was  befieved  the  odour  of  the  fresh  earth  might  tend  to  re- 
vive him.     This   being  done,   he   turned   his  languid  eves 
toward  the  throiicring  people,  and,  espvinga  beautiful  young 
.  iemale   spirit  standing  near  liim,  sigiuiied   ins  desire  that 
she  might  also  be  brought  to  the  l)rink  of  the  precipice  and 
be  seated  beside  him. 
0.  *'  'fliis   having  been   imn^cdiately   performed,    and  the 
^irl  placed  by  liie  warrior  on  ihe  margin   of  the   hole,   he 
wa-tched  a  favourable  opptutunity.  and  suddenly  pushed  her 
into  it   headlong.     She   rapidly  descended,  and  in  a  few 
seconds  disappeiired  from  thein'-  view. 

*'  She  continued  rolling  and  tumbling  down  the  perfora- 
tion until  she  fell  through  into  this  lower  world. 

"  The  young  man  then  told  them  that  he  had  l>cen  de- 
sperately siek  of  love ;  that  he  had  been  intolerably  tor- 
mented by  jea-lousy  ;  and  that  the  damsel  whom  he  had 
precipitated  into  tlve  pit,  had  i)een  the  object  of  his  most 
ardent  passion,  lie  informer)  them  she  had  slisb.ted  his 
fondest  overtures,  and  given  a  preference  to  anoiiier.  But 
having  now  plunged  her  to  perdition  in  revenge  for  herneg- 
lect  and  scorn,  hit  should  soo^i  recover  his  wonted  health. 

*'  llic  attentive  spirits, at  first  felt  much  concern  and 
fhuddering  »T  the  accident.  But  finding  their  favourite's 
recovery  was  itjsured  at  a  price  so  uiconsidcrable  as  the  loss 
x>f  the  girl,  their  sadness  w;;s  innnediateiy  converted  to  joy. 
And  thus  .quiet  v^as  restored  to  the  nation  of  spirits. 

*'  She  continued  to  fall  for  several  successive  davs,  and 
at  length  drew  near  to  the  confines  of  this  'ouer  world. 
Her  nearej  approach  was  dcacried  by  a  bald  eagle,  who  was 
soaring  very  high  upon  the  wing.  Struck  with  the  noveltv 
of  the  appearance,  he  immediately  gave  the  aiarjn  to  all- 
the  fowh  of  tb.e  air  and  iniuibitants  of  the  water.  They 
quickly  asiembled,  and  held  a  ccnsuhaiion  what  was  to  be 
done. 

"  It  was  unanimously  concluded  in  the  meeting,  that 
the  falling  body,  be  it  v^hat  it  might,  should  not  be  suffer- 
ed to  plunge  into  the  abys-s  and  perish  by  drownmg;  but 
that  some  one  of  their  na;ober  should  inmicdiuelv  prepare 
himself  to  receive  and  sustain  it  on  his  back. 

^'  First  the  eagle  oU'ered  his  services  to  buov  uj)  the  ob- 
11  -1  '  iect ; 
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ject ;  but  the  prevailing  opinion  was  against  him,  under  a 
persuasion  that  the  air  was  not  sohd  enough  to  allow  him 
to  attempt  it  wiih  success.  Then,  the  wood-ducks  oflered 
their  aid  ;  but  it  was  objected  that  their  backs  were  too  nar- 
row, and  iheir  strength  too  inconsiderable;  it  would  be  impos- 
sible for  them  to  keep  afloat,  and  they  must  infallibly  die 
by  submersion.  The  beaver  next  signified  his  willingness 
to  perform  the  service:  and  a  sentiment  of  approbation  was 
on  the  point  of  being  expressed,  when  a  large  tortoise  made 
bis  appearance,  and  raised  his  knobbed  head  and  spreading 
shell  above  the  surface. 

*'  There  was  an  instant  decision  that  the  tortoise  was  the 
fittest  of  all  the  creatures  for  the  purpose,  and  was  en- 
couraged to  fix  and  balance  himself  to  receive  the  approach- 
ing phsenomenon. 

"  The  outcast  from  the  upper  world  bv  this  time  drew 
very  near.  For  the  tortoise  had  no  sooner  made  himself  as 
buoyant  as  he  could,  and  brought  his  body  to  a  poize,  than 
.she  alighted  upon  his  back. 

''  Luckily  she  catched  upon  her  feet.  The  tortoise  bore 
the  shock  perfectly  well.  After  the  female  visitant  had  re- 
covered a  little  from  reeling  and  staggering,  she  found  her- 
self in  a  short  time  almost  overpowered  by  giddiness  and 
faintness.  In  this  condition,  she  sat  herself  down  cross- 
legged  upon  the  tortoise's  back,  and,  leaning  forward  wiih 
her  head  toward  her  knees,  fell'  into  a  proiound  and  re-i 
freshing  sleep.  It  may  be  noted  that,  in  comm.emoratiou 
of  this  event,  the  Indian  women  to  this  day  accustom  them- 
selves to  sit  cross-legged. 

"  On  awakins;,  she  was  surprised  to  find,  instead  of  the 
bare  tortoise  shell,  a  small  circuit  of  earth,  and  sponta- 
neously and  miraculously  outspread,  and  covered  with 
bushes,  vines,  and  fruits.  She  extended  her  hands,  and 
gathered  soine  of  the  blackberries,  mandrakes,  and  grapes. 
After  eating  her  fill  and  drinking  some  water,  she  lay  down 
and  slept  again  ;  for  now  there  was  room  enough  for  her  to 
stretch  ont  her  limbs  at  full  length. 

**  When  she  next  awoke,  she  could  see  no  water  whatever. 
Tlie  land,  by  a  continuation  of  the  miracle,  had  already 
extended  itself  further  than  her  sight  could  reach.  Vege- 
tables of  every  kind  abounded  on  it ;  as  also  did  four-footed 
animals.  After  a  while  she  arose,  walked  about,  and  prepared 
for  subsistinci;  as  comfortably  as  she  could  in  her  new  and 
solitary  abode. 

"  But,  before  she  passed  manv  moons  in  her  terrestrial 
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pbode,  presrnancy  forced  itself  upon  her  notice.  This  was 
the  consequence  of  aa  amour  in  v,hich  she  had  been  en- 
gaged in  the  upper  world.  And  it  was  on  account  of  the 
prtference  she  showed  to  the  young  spirit  of  her  heart,  that 
she  became  the  objeci  of  that  jealous  temper  in  his  rival, 
which  thrust  her  from  the  high  place  of  her  birth. 

"  Jn  due  lime  she  was  delivered  of  a  female  child,  who 
grc>v  thriftily,  and  until  the  age  of  puberty  acted  as  the 
companion  and  assi>tant  of  her  mother.  Durinfjthe  in- 
-iancy  of  this  di^uirhter,  there  was  a  great  intimacy  between 
her  and  some  of  the  land  animals.  They  were  constant 
play-fellows;  and,  as  she  grew  up  to  a  niore  intcrestincr 
siz:^  and  figure,  were  engas;ing  in  their  manners  and  niore 
assidu(;us  to  please  her.  Thev  frisked  around  her,  plaved 
their  prettiest  tricks  to  entertain  her,  and  in  short  employed 
in  her  presence  all  the  arts  of  gallantry  and  courtship  that 
ihev  knew. 

"  After  sonie  vears  were  passed  in  this  manner,  the  like 
accident  befel  the  daughter  which  her  frolicsome  mother 
had  experienced.  She  proved  with  child  ;  and  at  the  period 
of  her  gestation,  twins,  two  male  children,  were  born  of 
her.  It  was  always  a  matter  of  uncertainty  with  her,  who 
was  the  father  of  the  boys.  It  was  certain,  however,  that 
the  sire  was  either  the  bear  or  the  tortoise.  Accordinslv. 
in  tracing  the  genealogies  of  the  tribes  and  families,  it  is 
an  unsetTled  point  at  this  time,  whether  that  wliich  derives 
Its  origin  from  the  bear  or  the  tortoise  is  the  moie  honour- 
able and  digniiied. 

"  These  children,  so  ushered  into  the  world,  were  the 
GOOD  SPIRIT  and  the  evil  spikit.  The  diflference  of  their 
tenipers  and  dispositions  manifested  itielf  belore  thev  were 
born.  While  yet  encircled  in  the  *Aomb,  the  former  was 
content  to  he  stiii  and  be  quiet,  while  the  hitter  was  un- 
ceasingly rtPtless,  and  by  kicking  and  scralchinc:  strove  to 
give  his  mother  all  the  torment  he  could,  i'l^  (inatly  de- 
clared to  his  brother,  in  one  of  their  conversations,  that  he 
never  would  befoul  and  disgrace  himself  by  con)ingi:  forth 
throuoh  the  natural  passage;  but  tiiat  he  would  Ijnd  some 
preferable  atui  more  decent  outlet  to  d;!v-li<rht, 

'*  By  the  persuasion  of  his  ueli-di>;posed  brother,  how- 
ever, he  was  induced  to  moderate  his  restlessness  until  his 
mother's  labour  came  on.  It  was  t!ie  lot  of  the  good  spirit 
then  to  be  born  first.  Whereupon  his  perverse  iind  impa- 
tient brother  look  a  resolution  not  to  follow  him  alon""  the 
dirty  road  through  which  he  came,  but  to  take  an  opposite 
course.     With  a  violent  exertion  he  therefore  tore  his  way 

suddenly 


^66  Cosmogony  of  the  Irofjuois, 

suddenly  lb  rough  the  womb,  and,  passing  through  tbcbeily 
ob!iqiielv  upwards,  fo;ccd  himscli  out  at  the  armpit. 

"  'the  mother  immediately  expired  under  this  compU- 
eatcd  injury;  but  both  the  children  survived,  and  were 
brought  up  by  their  grandmother.  The  old  dame  was  al 
the  same  time  so  enraged  at  the  conduct  of  her  grandson 
the  evil  spirit,  as  respected  his  mother,  that  she. determined 
to  make  ail  the  amends  in  her  power  for  the  outrage  done 
her  sex.  She  accordingly  divided  the  dead  body  ot"  her 
dauohter  into  two  parts  at  the  waist.  With  a  strong  whirl, 
she  threw  the  lower  lin:)bs,  togeilicr  with  the  insulted  or- 
gans, into  the  sun,  where,  hid  in  intolerable  brightness, 
no  person,  however  curious  or  audacious,  can  bear  to  look 
at  them.  The  head,  trunk,  and  upper  limbs,  she  slung  to 
the  other  luminary,  where  they  are  still  visible  in  the  form 
oi"  ihf;  wcmmi  in  the  rnom?. 

"  The  boys  manifested,  as  they  grew,  very  diiicrent 
dispositions.  As  they  progressed  in  age  and  increased  in 
stature,  the  yonnge^  watj  no  less  remarkahble  for  his  ma- 
lignity and  depravity,  than  the  other  for  his  virtue  and  ex- 
cellence. But  he  was  under  some  control  from  his  grand- 
inolher,  aud  was  v.ithheld  from  the  commission  of  the  worst 
kind  of  crimes  during  her  life. 

"  After  her  death,  being  left  to  themselves,  the  brothers 
agreed  to  possess  the  earth  together  in  an  amicable  manner, 
as  their  joint  inheritance.  Yet,  even  alter  this  agreement, 
the  propensity  of  the  youliger  to  mischief  and  vice  v.-as  so 
irresistible  that  nothing  could  withhoKI  him.  Though  se- 
veral wrangles  and  scuffles  had  taken  place  bet^  een  ihem, 
the  oood  spirit  became  convinced  that  nothing  but  force 
could  reduce  his  depraved  brother  to  a  sense  of  decency  and 
order.  Foreseeing  that  a  necessity  for  another  contest  be- 
tween them  would  shortly  arrive,  he  resolved  to  exert  all 
his  courage  and  strength,  and  give  his  brother  a  sound  and 
sufficient  beating,  once  for  all. 

*'  An  opportunity,  as  he  had  predicted,  soon  presented 
itself.  Owing  to  some  misunderstanding,  a  battle  happened 
between  them  near  the  falls  of  Chamblcc,  not  very  far  froni 
the  junction  of  the  Sorell  uith  the  St.  Laurence.  The  evil 
spirit  w^as  w-orsted  in  the  combat;  but,  at  length  escaping 
from  his  brother's  hands,  sought  safetv  in  flight.  To  elude 
his  antagonist's  blows,  he  directed  his  conrse  across  the 
xiountry  towards  the  south,  and,  stepping  with  wide  and 
hasty  strides  from  mountain  to  monntam,  reached  ilie  lower 
falls  of  Delaware  before  he  was  overtaken.  Here  his  ex- 
asperated brother,  who  had  all   ir.e  while  pursued  close  at 

his 
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his  heels,  clenched  him  asain.  The  cor.llict  was  renewed, 
and,  aher  a  hard  and  obstina<e  resistance,  the  evil  spirit  was 
overcome,  and  constrained  to  cry  for  mcrcv.  Having  bound 
himself  by  a  aolemn  promise  to  behave  better  in  future,  he 
was  dismissed,  and  permitted  to  go  at  large. 

"  But  he  was  no  sooner  at  liberty  than  his  wicked  appe- 
tites returned.  His  engagemei'its  ior  good  behaviour  were 
iaroken.  And  he  employed  himself  with  an  industry 
wjorthy  of  a  belier  cauiC,  in  creating  gnats,  musquitoes, 
hornets,  and  rattle-snakes,  and  in  producing  briers,  nettles, 
thorns,  and  poisonous  plants,  to  the  full  extent  of  his  abi- 
lity^  for  the  purpose  of  disfiguring  the  earth,  and  qf  annoy- 
ing to  the  uttermost  of  his  powcj  the  human  creatures, 
whom  he  foresaw  would  he  brought  into  existence,  and  be 
devoted  to  the  good  spirit's  will. 

"  For,  now,  another  injportant  event  took  place,  which 
gave  origin  to  the  human  race.  On  a  sudden,  manv  of  the 
ania)als  v«ho  had  lived  on  the  land  and  in  the  water,  lui- 
derwtnt  a  strange  iransnaitation.  They  laid  aside  their  ac- 
cnstomed  ligme  and  disposition,  and  were  transformed, 
the  males  to  n)cn,  and  the  females  to  women.  And  ac- 
cording to  the  brutal  species  whence  the  human  ii>dividuals 
arc  reported  to  have  sprung,  do  the  Indians  denominate 
their  families  and  tribes.  And  tlvas  the  descendants  of  the 
h'iar.  \\\Q  deer,  \hc  tortni'ie,  ihe  irolf',  and  of  n\anv  others, 
distinguish  themselves  very  carefully  by  the  name  oi'  their 
lir=t  progenitor. 

*'  Thus  was  the  world  produced,"  in  the  opinion  of  the 
Iroquois;  "  thus  the  ruling  powers  iiilroduccd  into  it,  and 
thus  the  race  of  man  brouiiht  into  existence. 

'*  As  to  the  earth  itself,  it  rcbts  upon  the  back  of  the  im- 
meiise  tortoise,  who,  in  the  beginning,  received  ii)e  female 
visitor  from  beyond  the  clouds.  Hesuppf)ris  it,  balances  it, 
and  cai;ric3  it  with  him  wherever  he  swims  on  the  vast  ex- 
panse of  waters.  .Ar.d  the  old  persons  "relate  that  some 
of  their  warriors  and  hunters  have  travelled  so  far  (o  the 
westward,  that  thev  have  actually  seen  his  enoriTiOus  leg 
project  from  his  b'-xly,  beneath  the  shel!,  where  the  v/avcs 
of  the  ocean  roll  ae;aiust  him  in  vain.  Thev  have  also  re- 
marked, when  he  fee's  uneasy  and  char-ges  his  posture,  the 
motion  comnlunicated  to  the  land  occasions  earthquakes; 
and  when  he  inclines  a  little  to  one  sicLe  or  the  other,  he 
subjects  aportion  oi'  tiie  car'h  to  inundations  and  deluges." 
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XXXVll".    On   the  Breeding  of  Fish,  and,   the   Natural 
History  of  their  Generation. 

Having  been  favonreJ  with  a  copy  of  some  interesiinn- 
practical  communications  on  this  subject,  whi(h  were 
fir?t  published  some  years  ago  in  the  Hanovr^r  Manfa- 
zine,  and  having  hitherto  njet  with  nothintr  satisfactory 
in  any  Eriglish  publication,  we  are  persuaded  that  their 
appearance  in  our  Miscellany  will  prove  acceptable  to 
many  of  our  readers. 

^471  Accouiii  of  a  Method  of  Breed! rfg  Fish  to  Aduantoge*. 

To  the  Editor. 

Sir,  zxs  you  have  desired  me  to  give  yon  my  opinion 
in  what  manner  salmon,  trout,  and  other  fresh  river  fish, 
of  which  roes  or  spawns  are  to  be  obtained,  can  be  bred  to 
advantage,  I  was  anxious  to  oblige  you ;  and  Ibr  that  pur- 
pose I  went  to  a  place  in  the  county  of  Lippe,  to  visit  Mr. 
Jaccbi,  who  has  brought  this  kind  of  breeding  of  fi^h  to 
great  perlect'.on  ;  and  who  not  onlv  showed  me  his  ma- 
chines, but  likewise  told  me  his  method,  and  produced  a 
pregnant  egg  in  the  latest  stage,  in  which  the  trout  could 
be  distinctly  observed.  The  niachine  consisted  of  a  large 
water  trough,  (which  inaybemade  either  larger  or  smaller,) 
about  twelve  feet  long,  and  fixed  in  a  place  where  there 
was  a  water-fall  from  a  spring,  v-hich  was  conveyed 
through  a  small  gutter  into  the  trough,  so  as  to  cause 
a  great  water-fall.  Upon  this  trounh  was  a  cover  like 
the  lid  of  a  box,  with  several  holes  in  it  of  six  incites 
square,  which  were  filled  up  with  a  wire  grating,  not  only 
to  admit  air,  but  so  close  as  to  prevent  the  water-mice  pass- 
ing throuijh,  which  follow  close  to  the  fish  at  spawnino^- 
time,  and  are  verv  fond  of  the  spawn.  At  the  lower  end 
of  this  trough,  about  five  inches  above  the  bottom,  was 
a  hole  filled  up  with  the  same  kind  of  «ire  grating,  and  of 
the  same  size  as  that  at  the  top;  through  which  the  water 
runs  into  a  fish-pond  or  canal,  by  which  means  there  is 
always  in  the  trough  five  inches  deep.  In  this  trough  was 
a  kind  of  coarse  gravel,  such  as  is  comn)only  met  with  in 
crravelly  ponds,  laid  about  two  inches  thick,  enough  to 
cover  the  whole  bottom.  December  is  the  spawning- time 
for  trout  or  salmon.  You  mav  at  tliat  time  take  a  female 
fish,  and  press  and  rub  its  belly  gently,  and  it  will  part  very 

*  From  the  Hanover  Ma3;?.zine,  No.  2.5,  March  21,  17G3. 
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easy  wkh  Us  spawn,  without  any  prejudice  lo  the  fish,  into 
a  bason  of  c?ear  water;  ih^n  take  a  male  fish  mid  rub  and 
press  its  Ijeliy  gently  in  the  sanve  manner,  to  let  the  milt 
or  soft  roe  oiit  iu  the  same  bason  where  you  have  received 
before  the  female  roe  iit ;  and  then  stir  theni  ioi!;ethcr.  It 
v:'\]\  be  the  same  thing  if  we  take  a  niaie  and  female  fish 
and  cut  out  the  roe  and  milt  and  mix  them  up  in  the  water, 
alnd  it  will  do  just  as  well  as  if  both  fishes  were  alive.  Carry 
then  this  bason  with  the  mixed  spawn  to  the  trough,  before 
the  water  is  let  in;  spnnkle  it  very  thin  ujx>n  the  coarse 
gravd :  then  convey  the  water  from  the  spring  into  the 
trough  thrtNugh  the  holes  in  the  covering;  and  nolhincris 
further  to  be  observed  at  this  time,  than  that  the  water  may 
have  its  c<:'/ns'f«ut  cun-ent  through  the  wires,  and  that  these 
■wires  may  ije  kept  clean  from  tilth  :  the  third  or  fourth  -dav 
after,  o|>en  the  trongh  to  inspect  whether  the  spawn  is  ncA 
covered  with  shme  or  n-astiness  ;  in  which  c:ise  move  with 
a  ^Ai  hand  the  I'.pper  part  of  the  water  horizonlailv,  nn4 
tolerably  biiskly;  which  motion  will  clean  the  spavva  fi'on* 
slime,  and  at  the  sa;i>e  time  turn  the  eg^s. 

In  this  manner  does  th'rs  ingenious  gentleman  breed 
annually  va?t  quantities  of  trout ;  and  he  h«s  observed,  that 
as  soon  as  the  thh  is  out  of  its  egg,  it  has  on  its  hellv  a 
bladder,  from  which  it  recei^-es  its  Ikst  nourishment,  ind 
which  becomes  everv  day  less,  till  it  vanishes  at  last;  and  s^» 
5ong  as  this  bladder  appears,  he  suScrs  the  vouno;  ones  to 
remain  in  the  trough  ;  afterwards  he  lets  them  out  into  the 
poiid  to  set-'k  for  tWod  tor  themscives.  He  has  proceeded 
m  the  same  manner  with  salmcu,  and  with  the  sanae  good 
success. 

Extract  from  the  lluiwver  Magazuie,  No.  4,  January  is, 

1765. 
An  Answer  to  aOuestion  in  No.  48  of  lJ?c  Ratvover  Maga- 
zine, l',(i4,  coucer-jiing  the  Spawning  of  Fish. 
To  answer  part  of  the  qtsestion,  I  shall  impart  myob^er- 
ratior.s,  which  I  have  made  for  a  long  time  past^  and  such 
.'is  f  have  iatcly  made.  I  shall  confine  myself  only  to  such 
tish  as  are  found  in  ponds  and  rivulets  in  this  countrv. 
Alter  n^any  ve:\rs  experience,  i  have  f  mnd  that  the  spawn- 
ing <if  tlshes  differs  every  year;  partly  bv.ingtothe  iniiuence 
of  the  weather,  or  to  the  i)ed3  in  which  thev  spawn  ;  som-c 
require  ferd  and  stony,  others  soft  nvA  shmy,  others  bushy 
boiioms,  and  some,  herbs  and  grass.  The  trouts  will  not 
spawn  but  in  a  stony  and  gravelly  bottom,  although  others 
*r©quent3y  creep  under  roots  of  trees,  r^nd  in  hoiiows  near 

the 
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the  shore,  where"  they  are  ?ometlmes  so  entangled  that 
they  i«ay  be  caught  with  the  hand ;  they  avoid  spawning 
there,  biit  will  rutarn  agjain  to  iinJ  a  })lace  where  the  water 
has  a  fall  and  runs  briskly,  and  where  .  there  is  a  t!;ravelly 
boiton^.  After  they  have  chosen  a  place,  they  will  beat 
violenliy  into  the  gravel  or  coarse  sand  till  they  I'nake  a 
deep  hole,  and  so  deep  that  it  is  fiv-qnenllv  to  be  seen  the 
next  day,  notwithstajulirii;  the  current  stream.  This  shows 
■what  difficulty  the  Irouts  have  to  part  with  their  spawn,  as 
they,  of  all  small  fishes,  have  the  largest  eggs  ;  ihey  are 
loniTer  abont  their  spawning,  and  they  frequently  begin  \n 
November  and  eontmue  till  February.  The  tishcrmen  are 
well  acquainted  with  the  spawning-places,  and  know  how 
to  make  their  advantage  of  it,  by  placing  baskets  near  them, 
and  thev  are  sure  of  ap;ood  booty.  I  hear  frequent  complaints 
of  people,  that  they  have  no  success  in  breeding  oF  trout ; 
but  they  do  not  consider  that  they  require  a  hard  gravelly 
bottom  and  hard  water;  when  both  these  are  wanting  they 
cannot  spawn  ;  and  if  thfy  do,  it  turns  to  no  account,  ami 
the  Old  ones  die  soon.  If  they  appear  near  the  head  of  the 
entrance,  and  the  surface  of  the  water,  it  is  a  sure  sign  the 
water  is  too  soft  for  them.  Perches  have  mucli  greater  ad- 
vantages in  spawning,  and  seem  to  have  no  difficulty  ;  they 
spawn  against  bushes,  shrubs,  or  reeds,  where  it  adheres  ; 
and  vifhen  they  cannot  find  any  ihino  of  this  kind,  they  get 
near  the  shore  where  grass  grows,  sometimes  under  water, 
and  drag  their  spawn  along  the  grass  ;  the  male  following  the 
female  unmeJiately,  and  impregnatina;  the  etrgs.  When  the 
weather  is  not  very  cold  or  slormy,  the  latter  quicken  in  three 
days  :  those  eg2;s  that  fall  in  mud  or  sand  come  to  nothing; 
their  time  of  spawning  is  in  the  beginning  of  the  spring. 

Of  breaiTis  there  are  two  sorts  :  one  is  called  the 
Hack  from  their  dark  colour,  and  their  spawning  is  when 
the  black-thorn  is  in  blossom  :  this  kind  spawns  ear- 
liest ;  thev  require  no  stony  or  gravelly  bottom,  but  any 
little  plant  serves  them  ;  as  the  eggs  arc  inclosed  in  a  gluti- 
nous fatty  matter,  they  adhere  easily  to  any  thing.  These 
fishes,  and  in  general  the  most  that  belong  to  the  species 
of  the  white  fijh  (such  as  roach,  dace,  &c.),  have  further 
advantat^'es  in  spawning.  The  male  breams  get  against 
that  lime  haid  knots  on  the  head  and  bodv,  on  which  the 
female  rubs  herseli'  so  violenliy  that  she  frequently  lose!* 
many  of  her  scales.  ■  The  second  sort  of  breams,  which  are 
called  ivfiite  breams,  sjiaA-n  later,  aud  not  till  May.  The 
ffudocons  always  choose  sandy  places  for  their  residence 
and  spawning.     Pikes  spawn  at  three  different  seasons  in 
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the  year:  the  first  part  with  their  spawn  in  the  two  first, 
months  of  the  year,  and  are  called  Februah/  pikes ;  ar.d  it 
the  water  is  even  covered  with  ice,  they  approach  the  shore 
under  the  ice,  till  they  find  a  little  grass,  on  which  they 
hang  their  spawn.  The  scc«ad  sun  spawns  in  March; 
their  try  thrives  generally  hcsl  on  account  of  the  waters 
being  then  i)igh,  and  the  weather  milder  at  this  season. 
Therefore  they  will  get  into  nteadows  overflown  \yith  water, 
and  do  not  seem  to  care  if  their  backs  are  even  out  of  the 
water."  They  generally  travel  by  pairs,  and  part  with  their 
spawn  by  continually  rubbing  against  each  oihcr  with  great 
noise,  and  manv  tinits  the  larger  devours  the  smaller  in 
this  business.  When  it  happens  that  the  weatiicr  is  proper 
for  them,  and  that  the  waters  do  not  fall  suddenly,  but  ra- 
ther rise,  and  that  the  sunshine  causes  the  ,air  to  be  mild, 
they  breed  in  great  abundance;  and  these  pikes,  which  are 
called  grass-pike.^,  are  afterwards  to  be  met  with  in  great 
plenty;  which  is  looked  upon  in  general  as  an  omen  that 
it  will  be  a  bad  corn  year;  and  it  is  commonly  correct,  not 
that  it  has  any  connection  therewith,  but  that  the  soil  in 
our  climate  (Germany)  will  not  bear  much  wet  for  the 
growth  of  corn.  The  third  part  spawn  in  May,  and  are 
called  May  pikes. 

Carps  and  carouches  spawn  hut  once  a  year,,  which 
rs  in  the  summer;  they  part  with  iheir  spawn  without 
much  trouble,  and  in  aii  places ;  but  the  spawn  does 
riOt  thrive  every  where  ;  and  we  hear  frequent  complaints, 
that  ponds  wliich  have  had  plenty  have  no  young  fry; 
but  when  j)onds  come  to  be  inspected,  it  is  found  that  those 
plaqcs  which  are  proper  for  spawning  are  full  of  weeds' 
or  filth,  for  they  require  a  clay  bottom;  a  small  spot  in  3> 
pond  IS  sufficient  to  breed  vast  numbers,  and  the  spawninjr- 
ponds  are  full  of  weeds,  and  require  to  be  annually  cleaned, 
and  tile  nuuibcr  of  the  young  ones  to  i;t:  lessened  ;  witiu)ut 
this  care  the  voung  fry  grow  poor,  get  thick  heads,  and  on 
their  scales  a  glutinous  i;ubslance,  which  is  calit^d  grief; 
and  when  tlicy  grow  up  are  distinguished  by  the  name  of, 
stony  carps,  or  s-toj/^y  c3rouches.  A  goofl  oeconomist  wiji 
never  sudtr  ar.y  of  tljese  sorts  to.  remain  in  his  poiids  loagcf, 
thajj  three  yijars,a  and  in,  a  middhng  pond  seldom  above 
tudve  i'qmaic  aiid  three  or  four  ujale  carps  or  carouches.. 
When  the^  store  carps  are  put  into  the  spawning  ponds, 
some  .tenches  are  put.  in  along  witii  tlicm  ;  and  wlien  the 
spepn  of  ibsC  male  tench  is  nhxed  with  the  female  spawn 
of  l|te  -arp,  it  producas  what  WjC  call  &  pie  gal  carps.  It  is 
believed  :ti)at  a  lish  is  produced  from   the   msxiurc  of  carps 

and 


2/ii         On  the  Generation  and  other  olscure  Pacts 

and  caroiiches,  and  these  are  called  hemellngs ',  but  thii 
sort  is  not  fit  for  breed,  and  when  caught  are  generally 
amongst  the  class  of  white  fish. 

It  is  remarkable  that  eels  resort  up  streams  and  rivers 
in  vast  numbers  in  the  hottest  time  of  the  year,  viz. 
in  June  and  July,  and  that  they  then  discharge  small 
worms,  which  it  is  believed  turn  into  eels.  For  as  soon  as 
the  water  grows  cooler  thev  swim  down  with  the  stream, 
and  are  caught  in  abundance  near  water-mills,  notwith- 
standing there  remain  always  enough  in  the  higher  parts 
of  the  river  and  rivulets,  and  I  have  found  various  species 
among  them.  We  have  likewise  a  small  kind  of  tortoise 
here  iti  our  rivers  :  these  lay  sn)a!l  white  oblong  eggs,  smaller 
than  pigeons'  eggs;  they  lay  ihem  always  in  sand,  where 
they  can  have  tlie  strongest  noon-sun,  which  hatches 
them/  "  J.A.D.D.— Ce//e. 

[To  be  continued.] 


XXXVIII.   On  fhe  Generation  and  other  ohscnre  Facts  in 
the  Natural  Hislory  of  the  Common  EeL 

To  Mr.  Tilloch. 

Sir,  JLn  vour  133d  Nuhiher  for  May  last,  page  410,  it  is 
stared  as  a  curious  fact  in  the  i>atural  history  of  the  com- 
mon eel,  that  a  number,  consisting  of  old  and  young,  had 
been  discovered  in  a  subterranean  pool  at  the  bottom  of  an 
old  quarry,  which  had  been  tilled  up  and  its  surface  ploughed 
and  cropped  more  than  twelve  years.  The  information  was 
evidently  intended  to  convey  an  opinion  that  the  young 
eels,  found  in  the  pool,  had  actually  been  bred  therein  ;  and 
could  that  circumstance  have  been  unequivocally  established, 
it  would  have  been  a  new  and  interesimg  fact  iit  the  natural 
history  of  the  animal.  I  however  imagine,  that  a  strict 
investio;ation  of  all  the  circumstances  of  the  case,  made  on 
the  spot,  vould  have  shown  that  the  young  eels  had  re- 
cently found  their  way  into  the  pool,  in  the  same  maimer 
as  the  old  ones  had  formerly  done ;  that  is,  by  some  a- 
queous  communication,  however  temporary  or  trivial,  with 
any  the  most  insignificant  adjoining  brook  or  rill.  It  is 
certainly  difficult  to  conceive  how  even  a  subterranean  pool 
can  preserve  its  water  for  more  than  a  dozen  years,  per- 
fectly isolated  from  all  other  water;  and  if  any  communi- 
cation, however  temporary,  and  however  minute,  had  ex- 
isted, the  circumstance  of  finding  the  old  and  young  eels 
toe  ether  would  be  only  an  ordinary  occurrence.     Indeed  I 

find 
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find  no  difficulty  in  pronouncing,  that  the  case  ?poken  of 
furnishes  no  satisfactory  evidenceof  thefact  it  was  intended 
to  estabhsh. 

I  beheve  there  is  no  animal,  if  we  except  man  himself^ 
that  is  so  universallv  disseminated  "over  every  climatfe  and 
country  in  the  globe  as  the  comiuon  eel.  In  almost  every 
instance  where  fresh  water  either  flows^or  is  perniarieiltly 
stationary,  the  eel  is  an  inhabitant ;  and  throughout  every 
part  t)f  our  own  co-^mtry,  not  only  every  river  and  brook, 
but  also  evcrv  piece  of  stationary  water,  from  the  lareest 
Jakes  doAt}  to  many  of  our  coniinon  wells,  are  found,  in 
the  proper  season,  to  abound  <vith  eeW;  and  vet  both  the 
place  and  ihe  manner  of  their  propagation  still  remain  a 
question  in  zoi>logy.  There  are  also  many  other  facts  iii 
their  history  tha:  are  very  obscure,  and  it  would  be  an  in^ 
teresting  addition  to  the  researches  of  the  British  zoobgist 
to  have  the  whole  satisfactorily  cleared  up.  Tn  furtherance 
of  this  object,  and  to  narrow  the  field  of  i;iquiry,  i  here 
oit'er,  Mr.  Editor,  such  facts  as  have  latlen  vvuhiii  nhy  own. 
observation,  of  the  natural  habiijdes  of  the  eel.  Tncy  are 
cbietiv  intended  to  induce  some  of  your  intelligent  readers, 
whose  situation  furnishes  them  with  better  sources  of  in- 
formation, to  commuaicace  what  they  can  learn  on  the 
.subject. 

In  all  inland  waters  eels  abound  without  number  in 
summer,  b^t  Ll.sappei;  in  winter.  This  tlisapoearance  has 
been  var  >,  sly  accounted  tor,  and  it  has  been  very  generally 
imagined  that  a  iargj  proportion  hibernate  bv  beddiutr  them- 
selves in  mnd ;  a  nonon  which,  I  believe,  is  quite  as  vi- 
sionary as  the  hibernation  of  swallows  under  water.  Were 
eeis  ever  in  the  habit  of  penetrating  into  mud,  they  would 
natuiaiiv  enough  shelter  themselves  therein  when  exposed 
to  imminent  danger,  and  no  other  mode  of  escape  presented 
itself;  but  I  have  seen  verv  manv  instances  of  muddy  pools, 
purposely  and  speedilv  drained  off",  wliere  multitudes  of 
eels  crawted  over  the  light  surface  of  the  mud  in  all  direc- 
tions to  escape,  and  without  ever  attempting  to  conceal 
themstivts  by  peoeirating  into  it.  The  full  and  clear  eye  of 
the  eel  also  furnishes  evidence  that  Nature  never  intended 
the  animal  to  be  buried  under  raud. 

The  disappearance  of  eels  in  rivers  and  brooks  may  be 
well  accounted  for  by  their  emigration  to  the  sea.  This 
emigrat'on  is  cailed  their  running.  It  commences  in  au- 
tumn, when  immense  quantities  pass  down  liie  streams. 
C  real  numbers  take  the  advantage  or  descending  with 
floodSj  but  a  iarg;e  proportion  pass  downwards  in  the  niaht. 

Vol.  34.  ^0.  "133.  Octoher  lSOi>..  S  and 
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and   onlv  in  the  darkest  and  most  tempestuous  nighf3. 
Moonshine  wholly  suspends  ihcir  progress;  and  even  a  tem- 
porary gleam  of  light,  when  the  niiiin  is  otherwise  tavour- 
able,  immediately  interrupts   their  journey.     This  proves 
that  their  emigration  is   not  a  casual  but  a  premeditated 
system  in  their  existence  :  and  italso  displays  their  instinc- 
tive cunning  ;  for,  being  an  easy  prey,  uhen  discovered,  to 
otters,  herons,  and   other  nocturnal  enemies,  it  is  only  in 
the  darkest  nights  that  they  can  travel  in   safety.     During 
the  period  of  their  run,  vast  quantities  are  caught  in  bag- 
wets  set  across  the  streams.   There  is  reason  to  suspect  that 
all   the  eels   in   rivers  do  not  run  for  the  sea,  as  very  early 
in  the  spring  large   eels  abound  in  rivers  at  such  a  distance 
in-land,  as  renders  it  highly  improbable  that  they  can  have 
ascended  so  far  at  so  early  a  period;  and  indeed  it  is  yet  an 
imascertained  fact,   whether,   of  the  vast  nmltitude  which 
unquestionably  do  pass  downwards  to  the  sea,  any  of  them 
do  again  return  and  ascend  to  any  distance  up  the  streams. 
If,  indeed,  this  retrograde  emigration  really  existed  to  any 
extent,  there  are  thousands  of  situations  on  our  streams 
where  it  must  have  been  every  season  perceived  ;  ahd  yet  it 
has  not  only  not  been  discovered,  but  the  instances  are  fre- 
quent, where  the  obstacles  on  many  of  our  streams  render  it 
impracticable,  and  where,  nevertheless,  large  eels  are  found 
above  these  obstacles  as  early  and  as  abundautly  as  below 
them.  The  probability  therefore  is,  that  few  or  none  of  the 
vast  numbers  which  descend  the  streams  ever  again  return ; 
and  then,  as  they  are  never  discovered  in  the  sea  itself,  the 
question  of  what  ultimately  becomes  of  then),  is  just  as 
obscure  as  that  of  their  generation. 

There  are  many  lakes,  and  multitudes  of  pools,  abound- 
ins  with  eels,  and  from  which  they  cannot  run  on  account 
of  the  insufiiciency  of  the  outlets  ;  and  in  these  situations 
tht  eels  most  cc-riainly  continue  during  the  period  of  their 
existence.  There,  however,  they  regularly  disappear  in 
winter,  and  the  manner  of  their  hibernating  is  entirely  un- 
known ;  but  as  no  species  of  animal  with  which  we  are  ac- 
quainted ever  does  breed  durmg  the  time  of  its  hiberna- 
tion, (the.thing Indeed  seemuig  physically  impossible,)  and 
as  eels  in  tliese  confined  situations  are  taken  at  all  other 
times,  without  any  vestige  of  propagation  being  dis- 
covered amongst  them,  the  inference  seems  conclusive, 
that  eels  never  do,  under  any  ciitun\stance,  breed  in  fresh 
V  ater.  Were  it  indeed  practicable  in  a  single  instance,  it 
would  be  equally  so  in  thousands  of  others  where  the  cir- 
cumstances are  so  similar  ^  and  it  would  be  passing  strange 

if 
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if  a  solitary  quarry-pit,  which  had  been  excluded  for  a 
do2en  years  even  from  day-light,  were  to  discover  to  us  an 
occurrence  which  is  never  displavtd  in  our  iT)ultitudn>ous 
open  pools,  where  the  same  animals  are  equally  restricted 
from  escape. 

In  contradistinction  to  the  vast  emijiration  of  old  eels 
down  the  streams  in  autumn,  an  immensely  greater  mi- 
gration of  young  ones  commences  up  the  streams  in  spring 
and  summer.  Their  size  varies  between  the  smallest  and 
the  largest  darning  needle.  Thev  are  called  elvers,  and 
abound  in  some  of  our  large  rivers  to  an  inconceivable  ex- 
tent. In  some  places  bushels  of  them  are  taken  with  bas- 
kets fixed  on  to  theends  of  poles,  and  drawn  swiftly  throuuh 
the  water.  Their  progress  is  always  along  the  banks,  and 
numerous  portions  pass  up  into  all  the  lateral  streams.  The 
sn)allest  brook  and  the  minutest  rill  that  can  run  receive 
their  proportion ;  and  it  is  solely  in  this  way  that  every  piece 
ot  water,  however  or  wherever  it  may  be  situated,  .receives 
the  eels  that  are  found  in  it.  The  smallest  possible  trick- 
ling of  water  from  any  pool  to  the  nearest  brook,  is  suffi- 
cient to  enable  these  little  indefatigable  animals  to  wind 
their  way  up  to  the  source.  The  instinct,  indeed,  which 
inipels  them  upwards  against  all  moving  water  seems 
incessant  and  irresistible;  it  surmounts  every  difficulty, 
and  perseveres  successfully  against  every  obstacle  how- 
ever imperious.  Durinsi  the  low  state  of  streams  in  the 
early  part  of  summer,  they  may  be  found  at  weirs,  mill- 
dams,  cascades,  and  other  elevations  across  the  streams, 
ascending  by  the  margin  of  the  water  perpendicular  walls 
many  feet  in  height,  where  the  least  crevice  in  the  stone, 
or  patch  of  moss,  affords  them  a  hold  ;  and  they  will  even 
find  their  way  over  vertical  dry  boards,  by  adroitly  em- 
ploying their  glutinous  exterior.  I  have  taken  them  in 
handfuls  from  patches  of  wet  moss  against  erect  walls,  com- 
pletely out  of  the  water,  and  where  the  height  and  distance 
to  be  surmounted  would  require  the  persevering  efforts  of 
many  davs.  In  very  small  pellucid  brooks,  adjacent  to 
rivers  where  they  abound,  they  may  be  seen  wriggling  up 
the  little  streams  in  endless  succession  for  weeks  together. 
Great  numbers  doubtless  perish  by  ascending  the  temporary 
fills  produced  from  rain,  and  by  reaching  spring-heads, 
and  situations  where  the  water  is  insufficient  for  their 
growth  and  support ;  but  in  this,  as  in  every  other  instance, 
provident  nature  has  guarded  against  all  such  casual  ex- 
penditure by  the  superabundance  of  the  production. 
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In  the  larger  rivers  communicating  with  the  sea,  although 
the  elvers  appear  to  advance  in  vast  bodies,  I  do  not  ima- 
gine their  migration,  either  in  its  commencement  or  pro- 
gress, is  made  in  concerted  shoals;  it  seeming  more  pro- 
bable that  the  number  foiuid  together  is  accidental,  and  arises 
from  the  continual  supply  sent  off  from  the  quarter  where 
they  originate.  This  is  confirmed  in  the  small  streams, 
where  each  individual  is  seen  making  its  way  by  its  own 
solitary  efforts. 

In  summer  all  the  large  eels  in  rivers  and  brooks  conceal 
themselves  during  the  day  under  large  stones  and  roots  of 
trees,  and  in  the  crevices  of  rocks  and  walls,  and  even  in 
earth-holes  of  the  banks  ;  and  in  these  situations  they  ob- 
tain a  lara;e  proportion  of  their  food,  being  always  on  the 
watch  to  seize  small  fish,  or  other  prev  that  the  stream  or 
iaccident  throv^-s  into  their  concealment;  and  I  think  it  is 
much  m,ore  probable  that  the  eels  which  do  not  find  their 
way  down  to  the  sea,  pass  the  winter  in  similar  situations, 
rather  than  bedded  in  mud,  or  in  any  other  of  the  fanciful 
Diodes  which  have  been  assigned  them. 

Such  are  a  few  of  the  principal  facts  in  the  natural  his- 
tory of  the  common  eel,  a  creature  which  every  where  su.- 
Tounds  us  in  the  greatest  abundance,  and  yet  its  origin  and 
final  disposal  are  equally  unknown.  That  it  never  does 
breed  in  fresh  water  seems  to  be  a  fact  well  established; 
and  the  periodical  descent  of  the  old  ones  to  the  sea,  and 
ascent  of  the  voung;  ones  from  thence,  stronglv  evince 
that  the  scene  of  their  propagation  is  in  the  sea  itself,  or 
very  near  to  the  mouths  of  rivers,  and  that  it  is  there  that 
inquiries  on  the  subject  should  be  prosecuted. 

The  growth  of  the  eel,  like  that  of  most  other  fish  of 
prey,  does  not  appear  limited  to  any  determinate  natural 
bulk,  but  to  be  governed  only  by  the  age  and  abundance 
of  food.  In  this  country  they  are  indiscriminately  of  evei^y 
size,  up  to  eight  or  nine  pounds  weight.  They  have  gene- 
rally been  supposed  viviparous  :  but  the  immense  abun- 
dance of  the  young  certainly  bespeaks  an  oviparous  pro- 
geny; and  this  is  supported  bv  analogy  in  the  lamprey  eel, 
which  breeds  commonly  enough  in  most  of  our  estuaries. 

The  tenacious  vitality  of  the  eel  is  well  known,  and  is 
very  extraordinary;  for  after  decapitation,  skinning:;,  and 
embowelliug,  the  separated  portions  of  the  body  will  still 
exhibit  strong  movement.  This  is  a  property  seemingly 
common  to  all  similarly  lengthened  animals,  and  obviously 
results  from  the  comparatively  small  proportion  of  nerves 

which 
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which  originate  from  the  brain,  and  the  much  greater  which 
branch  oft  in  succession  from  the  spine  into  the  adjacent 
pans  ;  an  arrangement  which  distributes  the  source  oi  vita- 
lity alono"  the  wliole  frame  of  the  animal. 

1  am,  sir,  your  most  obedient  humble  servant, 

John  Carr. 

Princess  Street,  Manchester, 
Ociober  7,  1809. 


XXXIX.  Experiments  on  the  Production  of  Sounds  in 
Fapours.  By  M.  BiOT. — Read  at  the  Institute^  October 
1^2,   1807*.- 

INuMBEnLKss  experiments  have  been  made  by  natural 
philosophers  on  the  production  and  propagation  of  sound, 
in  different  mediunis  :  thev  have  demonstrated  that  it  nei- 
ther ia  produced  nor  propagated  in  vacuum;  they  liave  ex- 
amined its  transmis-ion  through  liquid  and  solid  bodies : 
but  ng  one,  to  my  knowledge,  has  repeated  those  experi- 
ments in  vapours,  and  yet  this  research  is  well  adapted  to 
excite  curio>itv ;  for  in  discriminating  between  the  facts 
which  experience  has  disclosed  relative  to  the  constitution 
of  vapours  which  fill  a  space,  and  in  applying  to  them 
mathematical  fn-inciples,  the  foundations  of  the  established 
laws  of  the  minute  vibrations  of  elastic  fluids,  it  is  evident, 
that  absolutely  no  sound  should  be  produced  in  them. 

In  fact,  it  is  proved  by  the  experiments  of  Deluc,  Saus- 
*;ure,  and  Dalton,  that  the  quantity  of  the  vapours  of  water, 
or  of  any  other  liquid  formed  in  vacuum,  depends  alone  on 
the  dimensions  of  the  space  and  on  the  temperature  :  in 
short,  if  this  vapon-  has  an  elastic  force,  capable  of  sus- 
taining the  manometer  at  a  certain  height,  and  if  it  be 
slowly  compressed,  so  that  it  may  occupy  less  space,  the 
elastic  force  will  not  increase  by  this  compression,  as  would 
happen  to  a  permanent  gas ;  but  part  of  the  vapour  will 
assume  the  liquid  state,  without  which  the  manometer  va- 
ries, and  it  becomes  stationary  only  as  it  agrees  with  the 
new  limits  to  which  the  space  is  reduced.  Bat  the  contrary 
will  happen  if  the  space  is  increased  instead  of  being  dimi- 
nished :  afresh  quantity  of  vapour  will  arise  to  fill  it,  with- 
out producing  any  change  either  in  the  elastic  force  or  in 
the  manometer.  Tiiese  results  are  perfecily  established  by 
philosophers,  whom  I  shall  hereafter  quote,  and  we  may 
with  great  ease  be  convinced  of  their  accuracy.     For  the 
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purpose  it  is  sufficient  to  introduce  into  a  barometer  a  small 
quantity  ot"  any  liquid,  and  to  measure  the  height  at  u  hich 
the  mtrcmy  slops  after  being  depressed  by  the  elastic  force 
ol:  the  vapour  that  is  ibrmeo,-'  If  then  the  external  surface 
of  the  mercury  is  either  elected  or  depressed,  the  interior 
colunm  will  rise  or  fall  in  the  tube  precisely  in  the  same 
proportion  ;  and  according  as  the  space  which  remains  in 
the  top  of  the  tube  is  diminished  or  increased,  a  part  of  the 
vapour  will  precipitate  itseU  or  rise  afresh;  but  the  tempe- 
rature remaining  the  same,  no  variation  will  appear  ia  the 
elastic  force. 

Now,    supposing  a  sorrorous  body  vibrates  in  a  simi- 
lar   medium,    each  of   its   oscillations    will  diminish,  ir^ 
one  sense,  the  space,  and  will  augment   it  in  the  other. 
Thus  on  one  side  there  will  be  a  small  quantity  of  vapour 
which  will  pass  into  the  liquid  state  ;  and  on  the  contrary, 
a  small  quantity  of  liquid  that  v^ill  assume  the  state  of  va- 
pour.    These  condensations  and  expansions  will  take  place 
verv  near  the  sonorous  bodv,  in  the  immediate  viciuitv  of 
the  vibrations  ;  but  they  will  not  be  further  extended.  Thus 
the  impulse  will  not  be  exerted  on  the  remaining  tluidmass, 
and  consequently  the  sound  will  not  be  transujitted.     Now 
let  us  suppose  that  the  sonorous  bodv,  conjpressing  the 
vapour  by   iis  rapid   vibrations,    mechanicoUy   disengages 
from  it  a  certain  quantity  of  heat.  This  supposition  is  not  at 
all  improbable,  for  it  is  well  known  that  much  heat  is  emit- 
ted during  the  condensation  of  vapour.     For  instance,  the 
vapour  ot   water,  according  to  the  experiments  of  Watt, 
sets  at  liberty,  whilst  passing  from  the  aeriform  to  the  fluid 
state,  heat  sufficient  to  raise  the  mass  of  water  thus  formed 
to  525  of  "the  thermometer  centesin^al.    Paying  attention  to 
this  circumstance,   the  effects  of  a  sonorous  body  on  vapouf 
are  not  the  same;  the  compressed   portions  maintain  the 
state  of  an  eiastic  fluid  in  spite  of  the  diminution  of  space, 
on  account  of  the  liberated  heat,  whieii  gives  them  a  mo- 
mentary increase  of  power.     On  the  contrary,  in  the  ex- 
panded portion,  the  decrease  of  temperature  prevents  a  new 
formation  of  vapour,  and  occasions  a  diminution  of  elasti- 
city.    The  phenomena  which  are  produced  near  the  sono- 
rous body,  are,  then,  of  the  same  nature  as  if  the  vapour  be- 
came a  permanent  gas.     They  consist  of  increments  and 
diminution  of  elasticity  successively  and  momentarily  pro- 
duced, spreading  their  effects  from  strata  to  strata  through 
the  whole  fluid  mass,  so  as  to  permit  the  production  and 
propagation  of  sound. 

Experiments,  therefore,  on  the  production  of  sound  in 
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vapour  are  very  proper  to  decide  ihe  question,  whether  heat 
is  really  disengaged  by  the  efi'cct  of  the  vibrations  of  sono- 
rous bodies  in  an  aeriform  niediuni,  as  we  see  generally  takes 
place  on  all  rapid  compressions.  To  this  test,  and  it  is  a 
decisive  test,  niav  the  ingenious  idea  of  M.  La  Place  be  sub- 
nutted,  bv  which  he  has  found  means  to  reconcile  the  ma- 
theniaiical  ihonry  o^  tlie  propagation  of  soiuid  in  air  with 
experimental  results,  in  which  the  disengaged  heat  was 
du!v  attended  to  ;  for,  if  the  effect  which  he  infers  does  not 
reallv  take  place,  the  vibraiions  of  sonorous  bodies  in  va- 
pours ought  al)solutely  to  produce  no  sound  ;  and  if  any 
js  produced,  it  can  be  considered  only  as  the  sole  effect  of 
the  liberated  heat. 

InHuenced  by  this  motive,  I  made  on  the  subject  some 
experiments  which  were  attended  with  evident  ?<ucees3 ;  and 
I  have  since  repeated  them  in  a  more  complete  manner  at 
Arcueil  with  mv  friend  Ainedee  Bcrthollet.  JVJ.  BerthoUet 
and  M.  La  Place  were  present  at  those  experiments,  and 
fully  satisfied  themselves  of  the  truth  of  the  facts  which  I 
proceed  to  relate. 

We  used  a  glass  balloon  of  the  capacity  of  36  litres;  its 
orifice  was  closed  by  a  perfectly  tight  stop-cock,  so  that  an 
exhaustion  might  be  maile,  and  {jreserved  good.  To  this 
another  mieht  be  connected,  that,  by  pouring  a  liquid  into 
the  intermediate  hollow  and  closing  both  cocks,  this  por- 
tion of  lupiid  might  be  introduced  into  the  interior  of  the 
balloon  without  any  danger  of  adinittiny;  the  least  external 
air.  Lastly,  the  sonorous  body  was  a  small  bell  suspended 
within  bv  a  very  line  coid  tied  to  the  lower  stop-coek. 

First,  a  vacuum  was  formed  in  the  interior  of  the  appa- 
ratus with  the  greatest  care,  and  even  the  largest  part  of 
the  hygrometric  water  of  the  balloon,  which  was  always 
very  dry,  was  abstracted.  Then  holding  the  balloon  by  the 
stop-cock,  the  l)ell  was  set  in  motion,  satisfying  ourselves 
that  the  blows  fell  with  forc;e  on  the  metal ;  and  whatever 
attention  vvas  paid,  or  however  near  we  were  to  the  balloon 
itself,  it  was  absolutely  impossible  to  distinguish  any  per- 
ceptible sound  :  therefore  sound  is  not  sensible  in  the  va- 
cuum; a  fact  constantly  in  harmony  with  the  experiments 
of  Hawksbee,  and  of  all  other  rratural  philosophers. 

Then  proceeding  as  1  have  described,  a  small  quantity  of 
water  was  introduced,  part  of  which  rose  in  vapour,  im- 
mediatelv  the  sound  became  perceptible;  yet  the  density  of 
this  vapour  was  very  little,  the  temperature  being  no  more 
than  19  of  the  thermometer  centesimal :  to  increase  it  an 
excess  of  water  was  added^  and  the  balloon  was  carried  into 
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a  screen-bouse  (une  ctuvc),  the  temperature  of  which  was 
46^ :  then  the  sound  became  very  sensihie  ;  it  was  heard  by 
tis,  without  incHning  ourseUes  to  tlie  balloon,  and  even 
thiough  the  door  without  the  green-house: — there  vet  re- 
mained in. the'ballooii  water  in  the  liquid  state  :  thus  there 
is  no  doubt  of  the  production  and  propagation  of  sound  in 
watery  vaponr. 

When  the  balloon  vyas  taken  out  of  the  green-house  its 
temperature  quickly  fell  :  of  course  the  prmcipal  part  of 
the  vapour  raised  bv  the  means  of  temperature  was  pre- 
cipitated; the  sound  likewise  appeared  very  sensibly  dimi- 
nished. Without  making  any  change  in  the  apparatus,  the 
same  quantity  of  alcohol  as  water  was  introduced.  Water 
considered  as  \°,  the  specific  gravity  of  this  alcohpl  vvas 
0'823y  The  vapour  forn)ed  of  this  mixture  was  necessarily 
of  greater  density  and  elasticity  than  that  of  water  at  the 
same  temperature;  the  sound  too  was  much  more  sensible, 
it  was  heard  from  the  extremities  of  the  rooms  forujing  the 
Museum  of  Natural  History.  Thus  is  sound  also  produced 
and  propagated  in  the  vapour  of  alcohol. 

For  our  conclusive  experiment  we  made  trial  of  tlve  va- 
pour of  ether,:  it  was  peculiarly  interesting  to  us  on  account 
of  its  great  density  and  elastic  force,  which  are  known  to 
be  very  considerable ;  two  circumstances  which  should  in- 
crease the  intensity  of  the  sound.  The  balloon  was  first 
dried,  as  humidity  diminishes  the  tension  of  the  ether; 
then  ttie  atmospheric  air  was  freely  allowed  to  enter  until 
an  equilibrium  was  produced  with  the  external  pressure, 
which  was  0'7613  ;  the  balloon  was  taken  into  a  long  alley 
in  the  garden,  and  the  sound  of  the  bell  was  found  to  be 
sensible  even  to  the  distance  of  145'"  ;  beyond  this  it  be- 
came so  weak  that  the  sensation  was  not  sufficiently  distinct. 
The  temperature  was  17'75.  fiaving  measured  by  this  ex- 
periment the  intensity  of  sound  produced  in  atmospheric 
air,  a  vacuum  vv'as  again  made  in  the  balloon,  and  more 
gulphuric  ether  vvas  introduced  than  the  temperature  could 
raise  in  vapour.  The  speciiic  gravity  of  this  ether  was 
0*759;  the  elastic  force  of  its  vapour,  measured  by  being 
introduced  under  a  barometer  purged  of  air,  was  0'"  35*49 
at  the  temperature  of  17*56.  The  balloon  being  thus  filled 
with  vapour  was  removed  to  the  place  where  the  preceding 
experiment  had  been  made,  and  the  sound  was  ascertained 
to  be  scysilile  at  the  distance  of  131™*5,  a  convincing  proof 
that  sound  is  produced  and  propagated  in  vapour  as  well  as  in 
permanent  gas.  But  we  have  proved  that  this  can  only  be 
effected  by  tlie  instantaneous  variations  of  temperature  de- 
B         "  termined 
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tcrmiiicd  by  the  vibrations.  Hence  il  is  evident  that  this 
cause  is  the  true  one:  and  accordins:  to  the  beautiful  re- 
jnark  of  M.  La  Place,  there  is  an  absolute  necessity  to  pay 
attention  to  it  in  the  raaihematical  theory  of  the  propaga- 
tion of  sound,  although  it  cannot  be  verified  bv  means  of 
the  thermometer,  as  it  is  an  instrument  not  to  be  affected 
by  successive  and  momeniary  variations  of  heat,  similar 
to  the  barometer,  which  does  not  show  the  instantaneous 
changes  of  the  elastic  force,  the  cause  of  sound,  and  yet 
the  re:.lity  of  those  changes  is  acknowledged  by  the  whole 
world. 

XL.  Ohservations  on  the  remarkalle  Efficacy  of  Carrots, 
under  a  new  Mode  of  Application,  in  the  Cure  of  Ulcers 
(ind  Sores.     By  JSlr.  Richard  Walker*. 

J-  HE  carrot  poultice  is  an  application  which  has  been  long 
in  use  to  correct  the  disposition  and  improve  the  discharge 
of  the  putrid  or  scorbutic  ulcer. 

The  manner  in  which  it  is  usually  applied,  is  by  grating, 
or  scrajiing  the  carrots  fine,  and  laving  them  on  raw. 

I  have  lately  had  reason  to  believe,  that  the  effects  of  it 
rr.ay  be  considerably  increased,  by  varying  the  mode  of  ap- 
plication. 

Several  cases  occurred  in  the  Radcliffe  infirmary,  during 
the  summer  and  beginning  of  the  winter  last  year,  of  the 
'true,  malignant,  scorbutic  ulcer. 

All  the  common  methods  of  treatment  were  adopted,  and 
of  course  tlie  carrot  poultice  was  not  omitted. 

The  inctiicacy  of  it  however  \.  as  too  evident. 

In  consequence  therefore  of  the  ill  success  attending  this 
practice,  several  of  the  cases  terminating  fatallv,  and  as 
fresh  instances  were  continually  occurriuir,  the  following 
change  was  at  leugth  tried,  in  the  use  of-tliis  remedv. 

The  carrots  being  previously  cleaned  by  scrapinsc  and 
washing,  were  split  and  boiled  till  quite  tender,  in  a  small 
quantity  of  water  ;  the  liquor  was  then  strained,  or  poured 
off,  and  the  carrots  beaten  in  a  mortar,  to  the  consistence 
of  an  uniform  soft  moist  pulp. 

The  ulcers  were  first  washed  clean  with  the  liquor  rather 
warm,  in  which  the  carrots  had  been  boiled,  sometimes 
fomented  with  it,  and  the  carrot  poultice  being  previously 
spread  ready,  that  the  sore  might  be  as  little  exposed  to  the 
air  as  possible,  applied  cold. 

This  was  repeated  night  and  morning,  and  oftener  when 

*  Commvinicated  by  the  Author. 
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the  quantity  uf  discharge,  or  other  circumstances,  made  it 
necessary;  but  this  uas  seldom  required,  when  the  mode 
above  mentioned  was  adopted  sufficiently  early  ;  that  is, 
before  the  sore  had  made  much  progress  in  its  scorbutic 
etatc. 

It  scarce  need  be  observed,  tliat  this,  disposition  was 
known  to  have  taken  place,  when  the  ulct  r,  from  being 
firm;  florid,  and  discharging  good  pu,-,  became  spongy, 
pallid,  and  discharged  a  considerable  quantity  of  a  thin, 
bloodv,  or  gkety  kind  of  mailer. 

The  superior  etfecls  of  this  treatment  were  apparent  in  a 
Tery  short  time  ;  in  a  few  days  the  sores  (several  of  which, 
before,  were  spreading  rapidly,  threatening  the  lives  of  the 
patients)  were  obviously  improved;  and  \n  short,  without 
anv  interruption  to  their  progress  in  amendment,  ihty  were 
all  of  them  gradually  restored  to  a  healthy  appearance; 
and  the  cure  hnished,  either  by  a  continuance  of  this,  or 
the  methods  ordinarily  used  to  sores  in  a  healthful  healing 
state. 

In  all  the  cases  above  alluded  to.,  bark,  opium,  &c.,  were 
as  usual  administered. 

Nothing,  however,  has  been  particularly  stated  with  re- 
spect to  the  exhibition  of  such  remedies;  as  the  object  of 
the  present  paper  is  merely  to  direct  the  attention  of  prac- 
titioners to  the  use  of  the  carror  poultice,  and  to  recom- 
mend, under  the  sanction  of  many  successful  cases,  the  mode 
of  applying  it  above  described  *, 

Oxford,  November  2,  179J. 

KovemberSO,  1803. 
Since  the  above  was  written,  a  very  considerable  number 
of  similar  cases  have  at  different  limes  occurred,  in  which 
the  efficacy  of  the  carrot  poultice,  applied  as  above,  has 
been  abundantly  confirmed  ;  viz.  very  large  sores  chiefly  ou 
the  leg,  extending  in  some  instances  from  the  knee  to  the 
ancle,  originating  from  accidental  injury,  habitual  ulcers 
likewise,  surfaces  of  stumps,  and  other  sores  after  opera- 
tions, all  having  assumed  the  morbid  disposition  before  men- 

*  The  antiseptic  power  of  the  carrot  poult'ce  has  been  ascribed,  I  believe, 
to  the  carbonic  acid  gas  which  the  s<ire  is  supposed  to  imbibe  fnim  it  during 
itsapphcatiou  ;  hence  it  might  be  inferred  that  the  carrot  was  iitte^t  lor  uit 
in  its  raw  state. 

I  am  however  rather  inclined  to  impute  the  efScacj'  of  tlie  carrot  to  its  mild., 
anti-putrescent  quahty,  depending  chiefly  on  the  pulpy  saccharine  matter  it 
contains,  in  common  with  other  vegetables,  but  in  greater  abundance  ;.  me- 
liorated and  softened  into  the  fittest  consistence  by  boiling  and  pounding  for 
application  to  the  teiider,  irritable  surface  of  ulcers,  sorc^,  inflamed  skin,  &c. 
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tioned.  In  every  one  of  these  cases  the  carrot  poultice  has 
been  the  immediate  and  constant  resource,  and  with  the 
completcst  success*. 

As  the  efficacy  of  carrot  poultice  in  different  sores,  and 
the  tiltest  mode  of  its  application,  have,  occasionally,  ever 
since  its  adoption,  engaged  my  particular  attention,  vi^. 
for  a  period  of  nearly  ten  years,  I  am  now  enabled  to  speak 
more  confidently,  and  with  greater  precision  on  the  subject, 
and  sha.l  therefore  give  a  mori;  particular  detail  of  every 
circuai^taiK'e  relative  to  it  ;  premising  in  addition  to  what 
I  have  Ijefire  said  respecting  that  niurbid  disposition  of  a 
sore  which  rt-cpnres  this  remedy,  that  it  is  commonly  pre- 
ceded by  a  more  than  usual  disposition  in  the  sore  to  blt?ed 
on  the  slightest  touch  or  motion,  and  very  quickly  after 
this  apjiearance  the  diseased  state  alluded  to  follows. 

The  carrots  are  now  cut  in  thin  transverse  slices  (instead 
of  being  split)  for  boiling,  and  the  jioultice  when  readv, 
observing  to  have  it  as  moist  as  it  will  admit  of  without  the 
inconvenience  of  its  running  about,  instead  of  beiu''"  spread 
on  the  cloth,  is  applied  wherever  the  situation  of  the  pait 
will  allow,  by  laying  it  on  in  portions  with  the  hand,  fill- 
ing up  first  the  cavities  lightly,  and  then  laving  a  coatin^- 
of  it  about  the  thicknes  or  rather  more  than  that  of  an  or- 
dinarv  poultice,  over  the  whole  surface  of  the  iiore,  and 
considcrablv  beyond  the  edges  of  the  sure  ;  pressing  it  close, 
smooth,  and  of  an  uniform  thickness,  quite  to  the  edije  of 
the  poultice  ;  otherwise  it  will  btcome  drv  at  the  cilice,  aiid 
occasion  some  inconvenience  in  removina;,  by  its  adhesion. 

1  he  cloth  or  fine  linen  is  then  to  be  applied  and  pinned 
tight  over  it ;  and  a  short  roller  may  be  used  in  order  to 
keep  the  poultice  uniformly  close,  and  prevent  il  from  beinif 
displaced  f. 

The  more  recently  the  cirrot  poultice  has  been  boiled 
and  prepared  the  titter  it  is  for  use,  therefore  it  is  best  when 
prepared  immediately  before  usins:.  But  as  t!ie  process  of 
boiling  the  carrots  sufficiently  requires  some  time,  enouoh 
niay  be  made  at  once  for  two  or  three  days  consumpiicni 
but  not  longer,  particularly  in  hot  weather,  when  indeed 
it   should   be   prepared  daily ;  and  when  it  is  necessarv  to 

»  Larjfe  wounds  and  ulcers  not  unfreqiiently  acquire  an  jll-cf  nditioccd 
state,  notwithsiaiuiing-  thf  most  skillul  appHciuion  of  adlicsive  plaster,  re- 
quiring a  suspeiibiop.  of  thut  mode  of  prscrice  frra  time. 

f  The  method  here  described  of  applying  the  poultice  was  found  con- 
venient in  very  large  sores  with  irregular  furfac(<;  but  in  g^eneral  it  rnav  be 
applied  in  the  usual  wav  spread  on  cUnb,  observiug  ti-iat  the  fresh  poultice 
^  ready  to  be  applied  immediately  on  the  removal  of  the  old  Qi\e. 
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warm  it  for  application,  this  is  best  effected  by  placing  a 
bason  containing  it  in  a  vessel  of  water  over  the  fire. 

It  i^  panicuiarly  requisite  that  the  carrot  poultice  be  ap- 
plied as  moist  as  can  be,  in  order  that  it  may  not  become 
too  dry  by  tlie  next  time  of  application. 

As  many  of  the  cases  in  which  it  is  applied  are  those  in 
U'hich  the  temperature  of  the  i)ody  and  tiic  sore  are  consi- 
derably above,  or  hotter  than  the  healthy  temperature,  par- 
ticular care  should  be  taken  that  in  such  casfcs  the  poultice 
be  applied  «o  as  to  produce  in  the  patient  a  sensation  of 
co«.)lne?s  ;  but  in  ordinary  cases,  a  sensation  of  warmrh. 

Most  cases  require  it  to  be  apjilied  twice  in  the  day,  viz. 
every  morning  and  evenings  and  very  few  indeed  require  it 
oflencr. 

If  the  sore  should  require  from  its  foulness  to  be  washed 
at  the  time  of  dressing,  it  is  best  dune  by  squeezing  a 
sponge  full  of  the  liquor  out  of  a  bason  containing  it  over 
the  sore  '•epeatedly  (catching  the  foul  liquor  in  a  bowl) 
till  cleansed;  the  outside  should  then  be  wiped  dry  to  the 
edge;  the  sore  itself,  however,  should  on  no  account  be 
touched  with  the  sponge,  but  be  cleansed  with  lint  if  ne- 
cessary *. 

The  liquor  may  be  that  in  which  the  carrots  have  been 
boiled,  or  in  defect  of  that,  milk,  and  water  or  pure  water, 
observing  that  its  temperature  be  not  hotter  than  the  sore 
can  bear  with  the  most  perfect  ease  to  the  patient.  The 
washing  may  be  omitted  unless  when  the  sore  is  very  foul  f . 

The  effect  of  the  carrot  jioultice  thus  applied  is  to  correct 
the  foetor  or  stench  of  ill  conduioned  sores,  and  to  reduce 
them  to  a  perfectly  healthy  or  £!;ood-conditioned  state; 
moreover  to  thicken  and  diminish  The  discharge  as  well  as 
correct  it  ;  hence  it  follows  that  it  is  particularly  indicated 
in  large  sores  with  too  thin  or  too  copious  a  discharge. 

When  the  sore  is  found  to  be  sufficientlv  restored  by  the 
use  of  the  carrot  poultice,  it  should  be  dressed  bv  applying 
first  a  single  stratum  of  loosely  made  lint,  not  of  the  close 
compact  kind  whicli  is  made  bv  an  iustrmnent ;  then  a 
pledget  of  any  connnon  simple  cerate,  spread  fresh  and 
ratlier  thick  on  fine  cloth  if  the  sore  be  verv  large,  other- 
wise upon  fine  lint,  sulficicnt  to  cover  the  edges  of  the  sore 

*  This  prcnution  L-  particularly  necessary  in  putrid  cases,  to  avoid  the 
danger  of  kcepiiio'  up  or  renewing  the  contagion  in  the  sore. 

+  It  is  essential  that  thcsorcbeas  little  exposed  to  the  air  as  possible; 
bence  it  is  better  not  to  be  very  solicitous  in  cleansing  the  sore,  the  repeti- 
tion of  the  poultice  eflecting  this  suflkieutly. 
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completelv,  and  over  this  a  defensative  plaster  in  the  usual 
wav  ot  epulotic  cerate  on  to\v,  with  a  compress  and  mode- 
rately tight  roller.  Dressing;  once  a  dav  is  commonly  suf- 
ficient, Ihat  is,  every  morning  ;  hut  if  the  sore  is  large, 
or  whilst  the  discharge  is  copious,  it  is  better  to  dress  it 
twice  every  day. 

If  the  discharge  is  considerable,  the  stratum  of  dry  lint 
upon  the  sore  mav  be  thicker,  that  is,  in  all  instances  just 
sufficierj^  to  absorb  or  retain  the  discharge. 

It  is  not  amiss,  when  the  sore  is  become  apparently  fit 
for  dressing,  to  apply  one  or  two  poultices  more,  having  a 
single  stratum  of  fine  lint  applied  'as  above,  immediatelv 
under  the  poultice,  and  then  proceed  as  before  mentioned. 

The  carrot  poultice  may  be  safely  and  efficaciously  ap- 
plied to  sores  in  a  healthful,  healing  state  ;  but  as  sores 
then. require  pressure  by  bandage,  and  other  management, 
known  to  every  experienced  surgeon,  it  it  best  to  stop  the 
use  of  it  at  this  stage. 

Smce  the  eflect  of  this  carrot  poultice  is  in  a  peculiar  de- 
gree to  dinunish  as  well  as  thicken  the  discharge  of  a  sore, 
it  should  never  be  used  where  an  increased  discharge  is  re- 
quired, from  mischief  being  likely  to  arise  by  pent-up  mat- 
ter; as  when  any  part  becomes  swollen  or  inflamed  for 
want  of  a  free  discharge  at  the  sore,  in  that' case  a  soft 
emollient  poidtice  and  the  practice  usual  in  such  cases  must 
be  adopted  *. 

The  carrot  poultice  in  this  form  is  applicable  to  all  other 
species  of  sore,  viz.  venereal,  cancerous,  scrophulous,  8cc., 
and  will  be  found,  v^'ith  the  aid  of  proper  medicines,  the 
best  application  for  the  purpose  of  keeping  the  sores  in 
good  condition,  and  healing  such  of  them  as  are  not  in 
their  nature  incurable. 

The  carrot  poultice  as  above  is  a  good  application  to  ex- 
coriations of  the  skin  in  any  part,  or  iVom  any  cause  or 
disease  where  a  thin  disagreeable  discharge  occurs, 

*  Cases  of  this  kind  in  which  alone  its  application  is  objectionable,  cannot 
be  confounded  with  the  dry,  foul,  or  scorbutic  ulcer,  in  whicli  the  carrot 
poultice  by  correcting^  ihe  disease  promotes  a  healthy  discharg-e,  and  sepa- 
ration of  slouglis;  nor  with  sloughs  arising  from  various  other  causes,  such 
as  someames  occur  in  the  course  of  the  cure  of  gun-shot  wounds,  burns,  &c., 
in  which  it  is  equally  efficacious.  Unctuous  apphcations  to  sores  of  large 
surface  are  apt  to  produce  superficial  sloughs,  which  increase,  or  spread, 
by  continuing  the  use  of  such  applications — this  dispositiort  not  unfrcquent- 
ly  occurs  in  extensive  scalds.  ^Vhere  such  sloughs,  accompanied  with  in- 
tensely inflamed  edges,  are  forming  from  this  cause,  it  is  truly  astonishing 
to  observe  the  eiTect  of  tiiis  specific  application  in  arresting  the  progress  of 
this  disease,  by  the  ahnost  I.amediate  vanishing  oi  the  innammation,  the 
quick  separation  of  the  sluughs,  and  the  rapid  progress  of  the  sore  to  a 
healthy  healing  state. 
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In  the  cases  before  mentioned  where  the  carrot  pouHictf 
is  improper  from  pent-up  matter,  if  the  surface  of  the  sore 
has  acquired  the  scorbutic  taint,  a  thin  stratum  of  the  car- 
rot poultice  may  be  appHed  over  that  surface,  and  the 
emolhcnt  poultice*  over  it,  uu'lil  that  dispositio'n  is  tor- 
reel  cd. 

The  carrot  poultice,  as  may  be  naturally  inferred  from  what 
has  been  said  of  it,  may  be  applied  with  singular  good  effect 
to  a  variety  of  other  diseases  which  produce  a  thin,  hot, 
acid  humour  on  the  part,  viz.  ophthalmiai,  herpes,  &c. 

In  old  habitual  ulcers  the  carrot  poultice  may  be  applied 
at  any  titne  when  the  sore  is  foul  or  ill-conditioned  j  and 
particularly  when  such  a  sore  has  a  dry  sordes  on  the  sur- 
face, carrot  poultice  applied  thin  over  that  surface  and  art 
emollient  poultice  over  it  of  bread  and  milk,  never  fail  ta 
bring  on  quickly  a  discharge  of  good-conditioned  pus. 

It  sometimes  happens  when  a  cure  is  tedious,  as  in  sores 
of  extensive  surface,  or  of  a  languid  or  sluggish  dispositioHj 
that  from  the  mere  changing  of  the  application  for  another 
a  short  time,  and  then  renewing  the  former,  the  sore  will 
become  invigoiatcd  and  more  disposed  to  heal  than  before: 
when  this  appears  to  be  the  case,  the  intervention  of  a  few- 
carrot  poultices  will  effect  it,  1  think,  better  than  any  other 
application,  and  hasten  the  healing  of  the  sore  very  con- 
siderably. 

Small  obstinate  sores  in  bad  habits  which  resist  the  usual 
means  are  commonly  brought  into  a  a  healinff  state  by  car- 
rot poultice  alone,  but  sometimes  more  readily  when  it  is 
conjoined  with  the  use  of  hjjdrargyrus  vUratus  ruber ;  and 
when  such  a  sore  is  become  clean  and  florid,  the  cure  may 
be  completed  by  dressing  with  a  little  of  the  down  of  lint 
loosely  upon,  or  in  the  sore,  and  the  carrot  poultice  over  it. 

There  is  no  circumstance  in  the  curative  art  more  lightly, 
but  more  erroneously  thought  of  than  the  healing  of  sores  ; 
this  being  supposed  by  many  to  depend  upon  the  mere  cir- 
cumstance of  taking  off  one  plaster  and  pultmg  on  another; 
whereas  too  frequently  even  an  apparently  trifling  sore 
(not  arising  from  aiu'  constitutional  cause  and  consequently 
requiring  no  internal  medicine)  will  baffle  for  a  long  time 
the  eflbrio  of  a  skilful  practitioner:  and,  indeed,  lam  well 
assured,  that  very  comnionly  the  patient  is  loaded  with 
bark,  &c.,  to  the  injury  of  his  health  ;  whilst  the  sore  re- 
mains the  same,  or  is  becoming  worse,  till  a  mode  of  drcss- 
ino-  appropriate  to  that  particular  case  is  hit  upon. 

*  A  poultice  of  bread  and  milk  is,  I  believe,  uiuck  fitter  fot  this  pufpos* 
thau  oue  ot  IJhsced  fiour. 

Carrots 
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Carrots  may  be  procured  fit  for  use  all  the  year  round, 
and  ihough  tiitest  when  they  have  bur  just  arrived  at  matu- 
rity, are  nevertheless  sufficiently  efficacious  at  all  seascMis, 
Or  they  may  be  collected  at  the  proper  season,  and  pre- 
served in  iand,  till  the  next  return  of'  tbe-Ti  to  a  perfect 
state. 

In  defect  of  a  pestk  and  mortar  to  pound  the  carrots,  a 
wooden  wash  hand  bu\\l,  with  an  appropriately-formed 
pestle  of  wood,  having  its  base  largely  convex,  in  order  to 
bruise  the  carrots  more  readily,  nidv  be  used  in  their  stead. 

Of  late  years  bark  and  Port  wine  have  been  much  more 
sparingly  used  in  cases  of  scorbutic  ulcers,  &c.,  the  carrot 
poultice,  with  an  ordinary  restorative  diet,  having  beea 
focind  to  answer  best. 

In  large  sores  th.at  require  a  great  quantity  of  the  carrot 
poultice,  the  outer  part  of  the  poultice  may  be  rather 
coarse,  but  that  which  applies  to  the  sore  should  iu  all 
cases  be  a  perfect  pulp. 

The  only  ob3,eciionab'e  circumstance,  that  I  know  of, 
respectina;  the  carrot  poultice  as  an  application,  is  its  dis- 
position To  become  dry,  particularly  when  used  in  small 
quantities,  as  in  small  sores,  or  when  the  carrots  are  not  ia  , 
their  most  succulent,  pulpy  state:  this  circumstance,  how- 
ever, is  completely  obviated,  by  applying  a  stratum  or  por- 
tion of  the  prepared  carrot  upon  the  part  affected,  and  lay- 
ing a  poultice  over  it  of  linseed  flour,  or  bread  and  milk,  as 
the  nature  of  the  case  may  seem  to  require, 

I  have  been  induced  to  offer  these  observations  to  the -at- 
tention of  the  public,  from  a  conviction  of  the  utility  that 
niav  ensue  from  the  knowledge  of  the  efficacvof  the  carrot 
poultice,  thus  prepared,  being  made  general ;  which  has 
hitherto,  I  have  good  reason  to  think,  been  chiefly  con- 
fined to  this  vicinity  ;  where  this  poultice  is  used  as  well 
in  private  practice  as  in  the  Infirnjary,  and  with  the  most 
eminent  advantage. 

POSTSCRIPT. 

At  the  time  this  mode  was  originally  tried  here,  the 
usual,  and  I  suppose  I  may  say,  the  constant  practice  in 
surgery  was,  to  apply  the  carrots  raw  as  before  mentioned  ; 
this  manner  (>f  using  ihem  being  directed  in  all  books  of 
surgerv,  and  the  practice  of  it  confined  chiefly  to  the  pur- 
pose of  removing  the  ill  smell  or  foetor  of  sores. 

The  circumstance  that  led  to  it  was  the  extraordinary  bad 
cases  above  related  ;  which  originated  in  a  man  who  had  a 
very  large  cancerous  sore  of  ihe  arm,  which  became  so  pu- 
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irid  and  offensive,  -as  to  contaminate,  as  was  supposed,  the 
ward ;  several  of  the  patients  soon  after,  ha>'ing  sores, 
some  even  o\  a  trifling  description,  \\  hicii  quickly  assumed 
the  putrid,  scorbutic  disposition  above  described,  and  se- 
veral others  in, succession. 

This  affair  became  so  serious,  that  it  was  thought  ad- 
visable to  have  a  consultation  of  the  faculty,  which  accord- 
ingly toojc  place. 

The  result  of  this  was,  all  medical  and  chirurgical  skill 
Iiaving  been  exhausted  to  no  pur[;o5e,  that  all   the  wards 

shouJd  be  fresh  white-washed,  and  fumigated; but  still 

the  evil  continued  with  uriabaling  fury. 

At  this  jucture,  having  observed  the  effects  of  the  carrot 
poultice  used  then  raw,  to  exceed,  in  some  degree,  the  rest 
of  the  various  remedies  employed,  consisting,  amonij  others, 
<ff  the  fermenting  poultice,  so  highly  esteeniQcl  in  cases  of 
this  r\ature  ;  I  proposed  using  a  poultice  made  of  the  carrots 
boiled,  hoping  their  efficacy  might  be  increased  thereby, 
attending  particularly  to  the  process  and  application  n)yseli; 
the  result  of  which  was,  as  before  staled. 

The  good  effects  indeed  of  this  treatment  were  so  dccide.d, 
that,  although  of  sixteen  cases  which  occurred  in  the  course 
of  the  year  1794,  ten  terminaied  fatally,  notwithstanding 
the  most  skilful  application  of  the  means  then  in  use;  there 
was  not  one,  out  of  at  least  the  same  number  of  cases, 
equally  dangerous,  which  presented  themselves  the  year 
after,  but  what  ended  well  under  this  new  method. 

Since  that  time  this  mode  alone  of  applying  the  carrot 
poultice  has  been  in  use  in  the  Radcliffe  Infirmarv,  not 
only  for  the  scorbutic  or  putrid  kind  of  ulcer  whenever  ij, 
occurred,  but  for  all  untoward  or  foul  sores  of  every,  de- 
scription. 

That  the  efficacy  of  the  carrot  poultice  thus  modified, 
is  not  generally  known,  even  at  this  time,  1  can  assert 
with  some  degree  of  confidence,  having  been  repeatedly 
assured  by  a  professional  gentleman,  that  the  carrot 
poultice,  prepared  in  the  old  way,  is  still  in  general  use, 
and  without  attributing  any  efficacy  to  it,  beyond  thatwftich 
\vas  originally  allowed  to  that  remedy.  It  has,  however, 
lately  found  its  way  into  some  publication's,  but  in  a  very 
vaarue  and  indeterminate  manner, 
Oxford,  Oct.  1,  1S06. 

*^*  The  above  account  of  the  efficacy  of  carrots  brings 
to  the  editor's  recollection  a  similar  instance  of  cure  per- 
formed by   turnips,  as  coaimunicaled  by  a  friend.     The 

i'ollowxDir 
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followiiTg  is  tVie  case  alluded  to  :  "A  man  about  50  years 
of  aije,  and  who  had  lived  irregularly,  had  been  for  several 
years  afflicted  with  ulcers  on  both  legs.  1  iiey  at  last  ex- 
tended from  the  knee  to  the  ankle  downwards,  the  dis- 
charge being  greater  and  the  sores  worse-conditioned  along 
the  shin-bone  in  front  of  the  leg.  When  the  writer  of 
this  article  first  saw  the  man  in  question  he  was  confined 
to  bed,  and  had  been  unable  to  walk  across  the  room  for 
several  w  eeks  :  he  had  been  successively  attended  by  all 
the  medical  gentlemen  of  the  town  in  which  he  lived,  and 
had  undergone  several  courses  of  medicine  with  a  view 
to  purify  the  system,  but  without  eftVct  :  his  sores  were 
dressed  w'ith  the  usual  ointments.  The  application  of  tur- 
nip poultices  was  suggested  to  him  by  a  country  woman 
who  came  into  the  town  on  market-days.  Her  instructions 
were,  that  he  should  night  and  morning  apply  poultices  of 
white  turnips  to  the  sores,  previously  bathing  them  with 
the  liquor,  squeezed  out  when  the  roots  were  boiled  into 
pulp.  The  poultices  were  directed  to  be  applied  hot.  The 
above  directions  were  faithfully  attended  to  by  the  patient 
under  the  inspection  of  the  writer  of  this  article  :  within 
the  first  twenty-four  hours  the  ulcers  had  assumed  a  difte- 
rent  appearance,  and  in  about  a\veek  from  the  first  appli- 
cation of  the  turnips,  (he  ulcers  were  so  far  healed  that  the 
man  was  able  to  walk  out.  In  a  few  days  afterwards  the 
sores  entirely  disappeared,  and  the  skin  soonnsumed  its 
usual  apjiearance.  During  this  period  no  niedicine  was 
taken  by  the  patient;  the  state  of  his  bowels  not  even  re- 
quiring a  dose  of  salts." 


XLT.  On  Crybtallography .  By  M.  Haut.  Translated 
from  the  last  Paris  Edition  of  Ids  Traite  de  Mineralogie. 

[Continued  from  p.  ^^6."] 

iVliXED  Dec;rements. — Decrements  are  so  called  in 
which  the  numbers  of  ranges  subtracted  in  breadth  and 
height  give  ratios^  the  two  terms  of  which  exceed  unity. 
Such  are  tb.e  decrements  w^hich  take  place  by  two  ranges  in 
breadth  and  by  three  ranges  in  height,  or  by  three  ranges 
in  breadth  and  two  in  height,  &c.  We  see  that  their  the- 
ory rtiay  be  easily  referred  to  that  of  decrements  in  which 
there  is  only  a  single  range  subtracted  in  one  of  th-  two  di- 
rections. 

Intermediate  Decrements, — We  have  seen  that  in 
the  case  of  a  decrement  by  -one   range  round,  one  and  the 

Vol.  34.  No.  138.  Octoher  IS09.  T  same 
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same  solid  angle  O  (fig.  20),  the  ihree  faces  produced  were 
always  on  a  level,  and  that  in  this  case  we  might  confine 
ourselves  to  the  consideraiioii  oF  the  effect  of  the  decre- 
ments with  respect  to  one  of  the  plane  angles,  which  con- 
curred to  the  foruiation  of  the  solid  angle,  by  supposing 
this  effect  to  be  proionoed  above  the  adjacent  faces.  In 
this  case  the  decrements  which  take  place  on  these  latter* 
faces  are  reckoned  as  intervening  in  a  subsidiary  manner, 
in  order  to  favour  the  action  of  tlie  principal  decrement. 

In  general,  whenever  a  solid  angle  of  the  primitive 
form  undergoes  decrements  which  tend  to  give  rise  to 
a  facet  in  its  place,  uhatever  be  the  law  of  thai  to  which 
we  refer  the  production  of  this  facet,  there  are  always  auxi- 
liary dccremenis,  the  concurrence  of  which  is  necessary  in 
order  that  the  facet  in  question  may  be  properly  prolonged. 

Now,  when  this  decrement,  which  we  consider  in  pre- 
ference, takes  place  by  two  or  more  ranges,  the  auxiliary 
decrements  w  hich  form  a  continuity  with  it  follow  a  law 
entirely  peculiar,  the  consideration  of  which  is  the  object 
of  this  article. 

Let  A  A'  (llg.  3:2)  be  any  given  parallelopipedon  which 
undergoes  a  decrement  by  two  ranges  on  the  angle  EO  I, 
of  its  base  A  EO  I.  It  is  evident  that  the  edges  of  the 
laminse  of  superposition  will  have  directions  he,  rs,* 
parallel  to  the  diagonal  which  goes  from  E  to  I,  and  situated 
in  such  a  manner  that  there  will  be  on  the  edges  O  E,  01, 
two  ridges  {aretes)  of  molecules  comprised  either  between 
the  term  of  departure  Oand  b  c,  or  between  ic  and  r  s.  "But, 
as  we  have  said,  the  laminss  applied  on  the  adjacent  faces 
lOA'K,  EOA'H,  also  undergo  variations  or  auxiliary 
decrements,  which  continue  the  effect  of  the  decrement  on 
the  angle  El  O  I.  Now,  such  are  the  variations  in  this  case, 
that  the  eclgcs  of  the  laminae  piled  up  on  the  f.ce  I  O  A'K, 
have  directions  c  g,  s  t^  and  that  those  of  the  Lminse  .vhich 
rise  on  the  face  EO  A' PI. arc  li^neally  dispj'^ed  like  b g,  r  i. 
For,  since  the  lower  edi:;e  of  the  first  lamina  applied  on 
AEOI  coincides  wiih  be,  and  as  the  height  of  this 
lamina  ans\\ers  to  a  ridge  of  a  molecule,  we  may,  wiih  a 
little  attention,''  conceive  that  the  plane  h  c  g,  uhicli,  in 
one  part  also  coincides  with   b  c,    and   in  another  is   re- 

*  W'e  must  conceive  t!iat  the  subtractions  which  are  here  rejiresented  on 
the  quadriLiter  A  E  U  I  take  place  successively  on  the  di'TerL-nt  lamiiiu;  of 
Euperposition.  The  distances  between  each  of  these  laniinrc  and  the  suc- 
teedin^  one  bein^  the  same  with  that  which  exists  between  the  lines  b  c,  rs, 
and  r.!i  the  rest  similarly  situated,  we  may,  for  the  sake  of  greater  convi?- 
nieiice,  refer  the  whole,  as  we  do  in  the  present  iuat.mce,  to  the  tjuadrilatcr 
A  E  01,  2S  3  kind  of  scale  which  gives  the  measurements  of  the  subtractions 
tpersred  by  the  decrsment  on  the  corresponding  huninx. 

moved 
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moved  from' the  base  AEO  T  in  a  quanilty  measured  by  a 
rldgti  O^  of  a  molecule,  is  necessarily  parallel  to  the  face 
produced  by  the  decrement.  It  is  the  same  with  the  plane 
rts;  fiom  which  it  follows,  that  if  we  suppress  the  part 
situated  above.?- /^,  we  shall  have  a  solid  on  which  the 
facet  rts  will  represent  the  effect  of  the  decrement  under 
.consideration.' 

■  We  may  now  observe  that  the  directions  c  g,s  t  (fig.  32) 
of  the  laniinse  applied  to"  the  face  I  O  A'  K  (and  the  saujc 
may  be  said  of  the  face  EOA'H)  in  virtue  of  the  auxiliary 
decrement,  are  no  longer  parallel  either  to  the  ridge  or  to 
the  diagonal,  but  comprehended  between  both.  A  fortiori 
the  defect  of  parallelism  will  take  place,  if  we  suppose  that 
the  decrement  on  the  angle  EO  I  of  the  base  proceeds  by 
three,  four,  or  more  ranges.  Decrements  of  this  kind  are 
called  intermediate )  and  we  conceive  that  they  may  be 're- 
ferred to  an  infinity  of  diMerent  directions,  according  as 
they  are  more  or  less  removed  from  the  one  or  other  of 
their  limits,  which  are  the  parallelism  with  the  ridges  and 
the  parallelisrn'vvith  the  diagonals. 

In  cases  similar  to  fig.  32,  we  avoid  the  kind  of  com- 
plication which  would  flow  from  the  immediate  considera- 
tion of  those  intermediate  decrements,  by  supposing  them 
contained  in  the  principal  decrement.  But  cerrain''cry5ta!s 
exist,  in  which  the  three  decrements  .considered-round  or.f, 
and  the  same  solid  angle  are  all  intermediate.  In  this  case 
we  choose  the  simplest  for  the  principal,  regarding  the  two 
others  as  auxiliarv. 

Fig.  33  represents  a  case  of  this  kind  :  sv,  which  is  tha 
edge  of  the  first  of  the  laminae  applied  on  A  KO  I,  is  situ- 
ated in  such  a  manner  that  on  the  side  OI  there  are  three 
edges  of  molecules  subtracted,  and  on  the  side  O  E  there  is 
only  one  :  n  p,  which  is  the  cilzG  of  the  first  of  the  lamina; 
applied  on  I  O  A'  K.  indicates  three  ridges  of  mtdfculcs  sub- 
tracted from  O'  I  lengthways,  and  two  from  OA^  length- 
ways :  cp,  which  is  the  edge  of  the  first  of  the  lamiiirc 
piled  upon  E  O  A' H,  determines  a  subtraction  of  two  ridges 
on  O  A%  and  of  a  single  one  on  O  E. 

Now  it  is  easv  to  see  that  things  go  on,  relatively  to  the 
different  iaces  situated  around  the  angle  O,  as  if  the  mole- 
cules which  compose  the  laminse  of  superposition,  being 
invariably  tied  together  in  clusters,  formed  other  njolecules 
of  a  higher  order,  and  as  if  the  subtractions  were  effected 
by  ranges  of  these  last  molecules.  Thus  there  would  be  o!\ 
the  base  AEO  I  a  decrement  of  triple  molecules  by  two 
ranges  in  heigiit  j  since  on  one  band  the  quadrihter  C  O  7/  Z; 

T  9j  whiel: 
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>^hich  represents  the  base  of  a  compound  mofecule,  is  equi- 
valent to   three  bases  of  simple  molecules,  and  as  tlie  Ime 

0  p,  which  corresponds  lo  the  height  of  a  lamina  of  super- 
position, contains  two  ridges  of  simple  molecules.  We 
shall  even  conceive  that  the  decrement  relative  to  the  face 
EO  A'  H  is  produced  by  three  ranges  in  height  of  double 
molecules,  because  cOpT  contains  two  bases  of  simple 
molecules,  and  as  O  n  is  equal  to  three  ridges  of  simple 
molecules.     Finally,    in    the    decrement    which   acts   on 

1  O  A''  K,  there  is  a  subtraction  of  a  single  range  of  triple 
molecules  in  one  sense  and  double  ones  in  another. 

Between  these  three  decrements,  that  which  it  would 
seem  most  natural  to  adopt  as  the  principal  is  the  second. 
which  takes  place  on  the  tace  £  O  A'  IJ,  because  it  is  the 
one  whose  direction  is  least  removed  from  that  of  the  dia- 
gonal which  runs  from  A'  to  E'';  or,  if  we  please,  because 
it  is  formed  by  double  molecules,  and  conse(juently  less 
compounded  than  those  which  are  subtracted  in  virtue  of 
the  two  other  decrements.  It  is  true  that  its  measurement 
in  the  direction  of  the  height  is  greater  than  that  of  the 
other  decrements.  Bui  le^s  regard  ought  to  be  paid  to  this 
element,  which  is  conuDon  to  it  with  the  ordinary  decre- 
ments, than  to  the  differences  which  separate  then;. 

We  shall  now  give  some  examples  of  in):ermediate  de- 
crements. Let  O  I  I'O'  (fig.  34)  be  one  of  the  faces  of  a 
cubical  nucleus.  Let  us  conceive  a  decrement  which  takes 
place  on  all  the  angles  by  subtractions  of  double  molecules. 
In  this  case  the  edges  of  the  laminae  of  superposition  wilt 
be  directed  like  the  lines  dfi,  km,  ab,  eh,  <kc.,  on  the 
hypothesis  of  their  l>ei«g  a  single  range  subtracted. 

Let  El'  (fig.  35)  be  the  cubical  nucleus.  Let  us  sup- 
pose that  the  decrements  are  made  parallel  to  the  lines  kv2, 
Im,  kr,  Ir,  always  by  subtractions  of  double  molecules, 
but  in  such  a  manner  that  there  are  three  ranges  subtracted 
in  the  direction  of  the  breadih,  and  two  in  that  of  tU/e 
}ieight,  in  which  case  the  decrements  w  ill  be  at  once  inter- 
mediate and  mixed.  Let  us  moreover  suppose  that  the  edges 
of  the  laminae  of  superposition,  considered  on  the  three 
faces  situated  round  one,  and  the  sanje  solid  angle  O,  have 
transverse  directions  ;  in  such  a  manner  that,  with  respect 
to  the  face  O I  T  O',  the  greater  nuniber  of  ridges  of  molecules 
arc  subtracted  on  the  side  Ol;  that  with  respect  to  the 
faceEOO'E',  it  will  he  so  on  the  side  OO'j  and  with 
respect  to  the  face  E  A I  O,  it  will  be  so  on  the  side  L  O. 

The  effect  of  these  various  decrements  will  be  to  produce 
round  each  jclid  angle  three  faces,  which  v/ii'  he  i-iuiated 

as 
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as  the  bevel  with  respect  to  iho^e  of  the  nucleus;  and  be- 
cause the  cube  has  eight  solid  angles,  tiie  secondary  crystal 
will  have  twenty-four  faces,  which  will  tend  to  unite  in 
fours  in  the  form  of  a  pyramidal  sunmiit  above  each  face  of 
th^  nucleus.  But  if  we  suppose  that  the  decrement  does 
not  attain  its  limit,  there  will  remain  six  faces  parallel  to 
those  of  the  nucleus,  and  we  shall  have  the  polyhedron 
with  thirty  faces,  or  the  iriacontahedron  represented  in 
fig.  SO.      ' 

By  coiTiparing  this  figure  with  the  3.5th,  we  shall  easily 
conceive  that  the  faces  km  Ir  ,  k'  m'  I'  /,  k"  m"  I"  r"  (fig. 
36),  V  hich  answer  to  those  of  the  nucleus,  should  be 
rhombs ;  and  because  the  number  of  ridges  of  molecules 
subtracted  lengthways  from  EO  (fig.  35)  is  double  of  that 
of  the  ridges  subtracted  lengthways  from  O  1,  and  so  with 
the  other  sides  ;  the  great  diagonal  of  the  rhombus  will  be 
the  double  of  the  small  diagonal,  and  the  obtuse  angle  will 
be  126°  52'  8",  which  is  the  measurement  of  the  incidence 
of  the  faces  of  the  dodecahedron  with  twelve  pentagons 
(fig.  14)  at  the  places  of  the  ridges  f  ii,  p  q,  &c. 

With  respect  to  the  faces  in  L' r  o,  or^  k"r".  Sec.,  (ftg. 
36)  produced  by  the  decrement,  they  will  be  all  equal  and 
similar  trapezoids  ;  and  if  we  take  for  an  example  the  tra- 
pezoid m  /'  /  0,  we  shall  have  the  angle  m  of  37^  o'  50",  the 
angle  O  of  116^  6'  13",  the  angle  7'  of  1 1 1°  50'  44",  and 
the  angle  r'  of  73°  2'  13". 

This  form  is  that  of  one  of  the  varieties  of  sulphuretted 
iron.  Geometry  has  also  its  triacont.ihcdron,  all  the  faces 
of  which  are  equal  and  similar-  rhombs.  This  solid  has  se- 
veral interesting  properties,  which  will  be  demonstrated  m 
the  part  assigned  to  geometrical  calculation. 

Let  us  now  suppose  intermediate  decrements  towards  the 
two  lateral  angles  G,  G'  (fig.  31)  of  the  faces  of  a  rhomboid, 
and  always  by  ranges  of  double  molecules,  i.  e.  parallel  to 
the  lines  uvty  xy,  7/  m%  x'  y' .  It  is  obvious  that  these 
decrements  will  produce  above  each  primitive  rhombus, 
such  as  S  G  or"  G',  two  faces,  which,  selling  out  from  the 
angles  G,  G',  will  converge  towards  each  other,  and  will 
proceed  to  unite  on  a  common  ridge  sirualed  abo\''e  the 
diagonal  S  ^',  but  inclined  to  this  diagonal.  We  shall 
therefore  have,  as  the  complete  result  of  the  decrenient, 
twelve  faces  arranged  by  sixes  towards  each  summit. 

Fig.  37  represents  one  of  these  solids,  which  results  from 
a  decrement  by  a  simple  range  of  double  molecules,  in 
such  a  manner  that  the  edges  of  the  lamiuiE  of  superposi- 

T  3  tion 
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(tion  prjeserve  the  same  distances  between  them  as  on  fig.  31, 
This  solici  is  ciiciiniscribed  to  its  nucleus,  which  i>  that  of 
carbonated  litr.e;  a  ^  a' (fig.  37)  indicates  the  d'ltction  of 
a.seciiou  which  would  be  parallel  to'  the  f?.c  '6  G g"  G\ 
and  which  is  indic;ited  by  the  same  letters  '.t\:,.  31).  and  we 
easily  conceive  that  tbe  pdges  .of  this  secvion  should  be 
]ineally  disposed  like  those  of  the  same  lamina  of  superpo-: 
sition.  The  paradoxical  carbonated  lime  discovered  by  M, 
TonnclTier  is  similar  to  i"'  dodecalicdron,  abstraction 
being  made  of  some  additional  faceis. 

We  find  here  tiiat  the  nucleus  toi^iches  the  secondary 
crystal  by  its  lateral  angles  only,  which  arc;  situated  in  the 
ridges  B  S',  D/,  Cs'y  Sec.,  whei'eas  in  metastatic,  carbon f 
ated  lime,  which  is  a  dodecahedron  of  the  same  kind,  i.  c» 
with  scalene  triangular  faces,  the  lateral  ridges  of  the  nu- 
cleus are  confounded  with  these  which  correspond  with 
BC,  CD,  DF,  8cc. 

This  leads  us  to  anhvpothesis  ivhich  will  prove  5  remark- 
able property  in  the  paradoxical  dodecahedron.  If  we  ima- 
gine six  trenchant  plants,  one  of  which  passes  by  the  points 
C,  D,  F;  a  second  by  the  points  B,  C,  D ;  a  third  by  the 
points  G,  B,  h,  S:.c.,  which  is  a  way  of  dividing  the  crystal, 
analogous  to  that  employed  to  extract  the  nucleus  rrom  the 
metastatic,  we  shall  also  obtain  a  rhomboid,  but  which  will 
exist  in  imagination  only,  bince  the  crystal  do<fs  ncjt  sub- 
mit to  this  kind  of  division.  Now  it  is  demonstrated  by 
calculation  that  this  rhon)boid  is  similar  to  that  of  inverse 
carbonated    lime,    the  angle  of  which   at  the   summit  is 

^  Besides,  if  we  consider  this  rhomboid  as  a  fictitious  nu- 
cleus, we  find  that  the  dodecahedron  might  be,  so  far  as  it 
is  concerned,  a  secondary  form,  which  would  resplt  from 
a  decrcnient  by  three  ranges  on  the  inferior  edges. 

Let  us  resun)e  the  true  nucleus,  ^nd  conceive  that  the 
intermediate  decrement,  instead  of  being  produced  by  one 
range  of  double  molecules,  as  in  the  paradoxical  solid,  takes 
place  by  five  ranges,  in,  breadth  and  four  in  height.  Then 
the.  secondavv  crystal  becomes  similar  to  the  metastatic 
itself;  and  if  this  result  is  never  to  be  met  with  in  nature, 
the  eye  would  be  the  more  easily  deceived  by  it,  as  the 
hypothetical  nucleus  would  be  presente^.  under  the  ap- 
pearance of  a  real  nucleus.  .,y>K. 

VVe  see  by  these  details,  to  which  I  could  give  a  much 
ereater  latitude,  that  the  intermediate  laws,  the  existence 
of  which  is  in  other  respects  hiUicrlo  confined  to  a  trifling 

number 
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ni5n-il»er  of  cases,  produce  forms  equally  simple  wirh  those 
Vk'hich  originate  from  the  ordinary  laws,  and  that  their  the- 
ory even  leads  to  results  which  would  deserve  to  be  followed 
and  developed  as  a  simple  object  of  curiosity. 

Secondary  compound  Forms. — We  call  simple  secon- 
dan/Jbrirti,  those  which  proceed  from  a  single  law  of  de- 
crement, the  effect  of  which  masks  the  nucleus,  which 
touches  their  surface  only  on  certain  points  or  certain 
ridges;  and  compo^ind seccndary  fornix,  those  which  proceed 
from  several  simultaneous  laws  of  decrement,  or  from  a 
single  law  which  has  not  attained  its  limit;  so  that  there 
remain  faces,  parallel  to  those  of  the  nucleus,  and  VAhich 
concur  with  the  faces  produced  by  the  decrement  in  modi- 
fying the  form  of  the  secondary  crystal. 

Let  us  suppose,  for  example,  tliat  the  law  which'  gives 
the  octahedron  originating  from  the  cube  (tig.  20,  PI.  Ill), 
i«  combined  with  that  from  v.hich  results  the  dodecahedron 
with  pentagonal  faces  (fig.  15,  PI.  II).  The  first  will  give 
rise  to  eight  faces,  which  will  have  as  centres  the  solid  angles 
of  the  nucleus ;  and  it  is  easy  to  see  that  each  of  these 
faces,  for  instance  that  wh  :^se  centre  coincides  with  the 
solid  angle  O  (figs.  14  and  15),  will  be  ]-»sra!lel  to  the  equi- 
lateral triangle  whose  sides  would  pass  hv  the  points  p,  ,?,  t. 
In  the  same  way  the  face  who-e  centre  will  lie  conf  unded 
«ith  the  ajigle  O^  will  be  par;il!cl  to  the  equilateral  triangle, 
whose  sides  would  pass  bv  the  points  .>,  ??,  p'-,  bui  th''  se- 
cond law  produces  faces  situated  like  pentagons  cut  bv  the 
sides  of  the  triangles  p  s  t^  s  ii  p' .  Now  the  sections  of 
these  triangles  on  the  pentaov,a  tO  sOCn  reduce  the  latter 
into  an  isoscele  triangle,  which  has  for  its  ba^e  the  line  t  n, 
and  u  hose  two  other  sides  pass,  the  one  by  the  points  t,  x, 
the  other  by  the  points  ;/,  s.  It  is  the  same  with  the  oih(  r 
pentagons;  whence  it  follows  that  the  secondary  solid  will 
be  an  icosahedron  terminated  by  eight  equilateral  triar.gles 
aiid  twelve  igoscele  triangles. 

Fig  3S,  PI.  V,  represents  this  icosahedron  marked  by 
letters  whose  correspondence  with  tFiose  of  fiiis,  14  and  15 
renders  perceptible  to  the  eye  the  relation  between  the  two 
solids;  but  this  icosahedron  has  much  greater  dmiensions 
than  those  of  the  icosahedron  which  we  obtain  artificially 
by  making  sections  on  the  eight  solid  angles  of  ihe  'iode- 
cahedron  of  fin-  14,  which  are  confounded  with  iho^e  of 
the  nucleus.  This  increase  ot'  dimensions  vvas  necessary 
for  preserving  to  the  nucleus  a  constant  volume.  Wc  shull 
•ilnstrate  this  bv  a  more  ample  developmeni. 

If  we   wished  to  obtain  the  nucleus  of  the   icosahedron 
T4  of 
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of  fig.  38,  it  Is  evident  that  we  must  direct  the  trenchant 
planes  parallel  to  the  ridges  rs,  /  ??,  p  <y,  Etc.,  (figs.  14  and 
38),  in  such  a  manner  that  thev  become  equaHv  inclined 
on  the  faces  with  which  ihey  form  a  jimction.  These  planes 
would  pass  at  the  same  time  on  the  equilateral  triangles 
pst,  Slip',  &c.,  and  we  should  have  the  nucleus,  when 
the  whole  would  meet  at  the  places  <Si  the  centres  of  the 
equilateral  triangles. 

Hence  it  follows  that   the  nucleus  of  which   the  ridge^ 
01,  O  E,  Sec,   (fig.  15),   were  displayed   on   the  dodeca- 
hedron, is  on  the  contrary  entirely  engaged    m  the  icosa- 
bedron    (fig.  3S),  excepting  by  its  solid  angles,  which  arc 
points  only,  and  are  confounded,  as  we  have  said,  with  the 
centimes  of  the  equilateral  triangles.    This  being  granted,  iu 
order  to  form  a  precise  idea  of  the  structure  of  the   icosa- 
hedron,  we  must  conceive  that  the  lamina,  which  at  first 
adhere  on  the  nucleus  to  a  certain  term,  decrease  solely  by 
their   angles,  as    if   the   secondary    solid    should  be  sim- 
ply an  octahedron.     Beyond   this   term  the  decrernent  on 
the  angles  always  continuing:,  a  new  one  lakes  place  which 
is  combined  with  it,  and  which  beina;  relative  to  the  dode- 
cahedron produces  the  twelve   isoscele   triangles.     In  thi$ 
way  we  may  conceive  how   the  nucleus  is   completely  in- 
closed in  the  dodecahedron,  with  the  reserve  of  solid  angles, 
because  the  first   laminae  of  superposition,  wi^iich  decrease 
on  their  angles  only,  would  continue   to  envelop  this   nu- 
cleus by  the  portions  of  their  edges  to  which  the  decrement 
did  not  extend.     It  is  sometimes  necessary  thus  to  suppose 
different  epochs  at  different  decrements,  which  concur  in  the 
production  of  a  compound  secondary  form,  when  we  wish  to 
give  a  detailed  account  of  the  mechanism  of  the  structure. 
According  to  this  detail,  the  distance  between  the  centres 
of  two   adjacent  equilateral  triangles,  such  as  p  /  .9,  qts', 
(fig.  38),  ought  to  be  equal  to  the  corresponding  ridge  O  1 
of  the  nucleus    (fig.  15),  which   is   plainly  to  be  seen  by 
simple  inspection  of  the  two  figures. 

The  result  which  we  have  developed  takes  place  with 
respect  to  one  variety  of  sulphuretted  iron.  Naturalists,  at 
a  period  when  the  laws  of  structure  were  little  understood, 
were  led  to  make  a  kind  of  geometrv  of  crvstallization 
which  operated  in  our  manner,  confounding  its  icosahedron 
and  dodecahedron  with  those  which  are  called  regular,  and 
the  first  of  which  is  terminated  by  twenty  equilateral  tri- 
angles, and  the  other  by  twelve  pentagons,  which  have  all 
their  sides  equal.-  But  theory  proves  that  neither  the  one 
nor  the  other  is  possible  in  mineralogy.     Thus,  from  the 

five 
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five  regutar  soiids,  namely,  the  cube,  the  octahedron,  the 
tetrahedron,  the  dodecahedron,  and  the  icosahedron,  Na- 
ture onlv  produces  the  three  tornier,  and  is  not  t^usceptible 
of  producing  anv  thing  else  :  among  an  infinity  of  diflereiit 
approximations,  which  she  niighi  present  on  the  subject 
of  the  two  others,  she  slops  at  thai  which  depends  on  the 
simplest  laws  of  decrements,  in  such  a  manner  that  her  dode- 
cahedron and  icosahedron  are  really  the  most  perfect  and 
most  regular  of  all  ihe  principles  of  geometry. 

We  shall  cite  a  new  example  drawn  from  the  regular 
hexahedral  prism  of  carbonated  lime.  From  what  we  have 
said  (page  \Ql)  on  the  method  of  mechanically  dividing 
this  polyhedron,  it  is  easy  to  conceive  that  its  rhoniboidal 
nucleus  A  A'  (fig.  .5)  has  its  solid  lateral  angles  E,  O,  F, 
K,  G,  H,  situated  in  the  mhddle  of  the  panes  of  the  prism 
m  d,  ni'  d' ;  from  which  it  follows  that  tlicse  angles  are  the 
points  of  departure  of  the  decrements  which  have  produced 
the  same  panes. 

These  decrements  act  at  once  on  the  three  plane  angles 
E  O  I,  EOA',  10  A',  which  concur  in  the  formation  of 
one  and  the  same  solid  anule  O  ;  but  in  applying  here 
the  observation  made  with  respect  to  tire  dodecahedron 
with  pentagonal  faces  (page  213),  and  more  particularly 
with  respect  to  the  regular  octahedron  (page  233),  we  can 
confine  ourselves  to  the  consideration  of  the  decrement  re- 
lative to  one  only  of  the  three  angles  in  question,  bv  sup- 
posing that  the  face  which  results  from  it  is  prolonged  ou 
the  two  rhombs  adjacent  to  that  to  w  hich  this  angle  be- 
longs. 

This  beine  eranted,  let  us  refer  the  whole  to  the  six 
angles  E  O  I,  ^E  H  G,  I  KG,  IJGK,  OIK,  HEO,  the 
first  three  of  which  look  towards  the  summit  A,  and  the 
three  other?  towards  the  summit  A'.  If  we  suppose  a  de- 
prement  by  two  ranges  of  rhomboidal  molecules  on  these 
diflerent  angles,  ic  w  ill  give  rise  to  six  faces  which  will  be 
parallel  to  the  axis,  as  v.e  have  already  shown. 

The  laminre  of  juperpnsiiion,  at  the  same  time  that  they 
will  decrease  towards  their  inferior  ar.gles,  will  be  extended 
on  the  contrary  by  their  upper  parts,  so  as  to  remain  al- 
ways contiguous  to  the  axis,  the  length  of  which  will  of 
itself  go  on  increasing.  I^esides,  the  facets  produced  by  the 
•  'ecrenient  will  gradually  increase  ;  and  at  the  term  where 
ihev  meet,  we  sh.all  h.ave  the  solid  A  A'  (lig.  4),  where 
each  of  these  facets,  such  aj  0  O  o,  is  designated  bv  the 
same  iettsr  as  the  angle  O  (llg.  6)\  to  which  it  is  referred, 

since 
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since  it  is  as  it  were  the  common  point  round  which  the 
three  decrements  have  acted. 

In  proportion  as  new  lamina?,  are  afterwards  apphed  to 
the  former,  the  points  o,  o  arc  elevated,  and  point  O  is 
lowered;  so  that  at  a  certain  period  we  shall  have  the  solid 
represented  iu  fig.  3,  in  which  the  faces  produced  by  the 
decrement  liave  bcconje  pentagons,  such  as  ooi  O  e. 

Things  being  in  this  state,  let  us  suppose  a  second  de- 
crement which  concurs  with  the  former,  and  which  is  pro- 
duced by  a  simple  range  on  the  upper  angle  EAf,  or 
PliVK,  'J'hc  ctfect  of  this  decrement  will  be  to  produce 
two  faces  perpendicular  to  the  axis  ;  and  when  it  shall  have 
attained  the  i)oint  where  these  same  faces  shall  intersect  the 
six  faces  parallel  to  the  axis,  which  have  the  lirst  decre- 
ment tor  the  generator,  the  secondary  solid  will  be  termi- 
nated, and  will  be  presented  under  the  form  of  the  regular 
hexahedral  prism  (figs.  1  and  2)*. 

We  have  already  said  that  (his  result  was  general,  what- 
ever was  the  measurement  of  the  angles  of  the  primitive 
rhomboid. 

We  now  see  wherefore,  in  the  mechanical  division  of  the 
prism,  the  section  p/?oo  (fig.  2)  has  its  sides  pp,  oo  pa- 
rallel to  each  other,  and  at  the  same  time  to  the  horizon- 
tal diagonal  which  goes  from  E  to~I  (fig.  5),  since  the  two 
decrements  taking  place,  one  of  them  on  the  angle  EOT, 
the  other  on  the  angle  EAI,  the  laminae  of  superposition 
should  have  their  edges  turned  towards  this  same  diagonal. 

In  the  case  under  consideration,  and  it  is  the  most  usual 
one,  the  axis  of  the  secondary  crystal  is  longer  than  that  of 
tlie  nucleus  ;  so  that  this  nucleus  having  its  lateral  angles 
contiguous  to  the  panes  of  the  prism,  its  summits  are  en- 
tracjed  in  the  interior  at  a  certain  distance  below  the  centres 
of  the  bases.  If  we  supposed  that  the  two  decrements  had 
the  same  epoch,  then,  the  axis  of  the  prism  being  equal  to 
that  of  the  nucleus,  the  lateral  angles  and  the  summits  of 
the  latter  uould  be  tangent,  the  former  to  the  panes,  and 
the  other  to  the  bases  of  the  prism.  Firwilly,  if  the  decre- 
ments on  the  upper  angles  of  the  nucleus  had  an  epoch  an- 
terior to  that  of  the  other,  which  is  the  inverse  of  the  first 
case,  the  summits  of  the  nucleus  would  still  be  contiguous 
to  the  bases  of  the  prism,  while  it^  lateral  angles  would  be 

*  We  do  not  pretend  here  to  detail  the  manner  in  wliich  the  crystal  has 
been  formed,  but  solely  the  manner  in  which  it  is  compounded.  We  sliall 
afterwards  see  how  v/e  may  conceive  that  tiie  process  of  crystallization  is 
combined  with  the  order  of  the  structure. 

placed 


On  Crystallography.  £99 

placed  in  the  interior  between  the  panes  and  the  axis.  This 
is  what  takes  place  in  certain  crystals,  the  prism  of  which 
is  very  short,  and  resembles  a  hexagonal  lamina. 

We  shalJ  conclude  by  an  example  drawn  from  a7ia/orr}cal 
carbona;ed  lime,  represented  in  tig,  39,  Pi.  V.  This  va- 
riety has  its  surface  composed  of  twenty-four  trapezoids,  six 
of  which  are  vertical,  such  as  d  a  b  c,  d  a'  U  d ,  &c.,  twelve 
others,  such  as  c' p  a  </,  c  p  d'  h\  Sec,  arranged  by  sixes  on 
both  sides  of  the  preceding,  and  six  ternunal,  such  eap  ap'  y, 
arranged  by  threes  round  eadi  sunmiit. 

Tile  former  trapezoids  result  from  the  same  law  which 
gives  the  gix  pan-.s  of  the  regular  hexahedral  prism  (fig.  \) ; 
the  second  are  owing  to  the  law  which  gives  the  carbonatefl 
metastatic  lime  (figs.  6,  7,  and  17).  By  comparincr  fi(T,  39 
with  tig.  6,  we  see  thai  the  vertical  faces  cut  those  of  the 
mefastai.c  crystal  in  such  a  manner  that  they  interceot  the 
solid  lateral  angles  E,0, 1,K,  8cc.,  (figs.fiand  7).  Finally, 
the  terminal  faces  proceed  from  a  decrement  similar  to  that 
which  produces  the  equiaxis  carbonateti  lime  (fie.  IS). 

VVe  caniiot  help  being  agreeably  surprised,  when  we  sub- 
mit to  calculation  the  form  of  this  polyhedron,  to  see  the 
relations  of  its  different  parts  successively  presented,  either 
betwvcn  each  other,  or  with  those  of  several  other  crystals. 

r,  la  each  vertical  trapezoid  a  h  c  d  (fiy.  39  A),  the  up- 
per t!  .angle  b  a  d  is  equilateral,  and  its  height  a?i  is  double 
the  height  en  of  the  inferior  triangle. 

2.  In  each  terminal  trapezoid  p^p'a' (fiff.  39  B),  the 
upper  triangle  j&  i'p  is  similar  to  the  half  of  one  of  the 
faces  of  the  equiaxis  rhomboid,  by  a  consequence  of  the 
law  of  dt;cremcnts ;  and  the  inferior  pa'p''  is  similar  to 
the  half  of  qne  of  the  faces  of  tiie  inverse  rhomboid,  which 
arises  from  the  manner  in  whicli  the  plane  of  the  trapezoid 
is  cut  i)y  the  j)lanes  of  the  adjacent  faces.  It  results  tiiat 
the  heights  a"  r,  s  r  of  the  triangles  which  subdivide  this 
trapezoid,  are  also  to  each  other  in  the  ratio  of  two  to  one 
as  in.  the  trapezoid  abed  (fig.  39  A) . 

3.  In  each  intermediate  trapezoid  c  p  a  d  (fig.  39  C) 
the  triangle  p  a  d  a  equrd  and  similar  to  the  fourth  part 
J' AD  (fig.  39  D)  of  the  primitive  rhombus  DPD'P'; 
^o  that  the  angle  a  (fig.  39  C)  is  straight,  the  ai^^le  dp  a 
50-  46'  6",  haff  of  the  angle  D  PD'  ("fig.  39  D), "and  the 
ancle  adp  {Cicr.  39  C)  39"^  13'  5i",  half  of  theanijle  PDF 
Oig.  39  D).    ^ 

4.  The  incidence  of  c  pad  (fig.  39)  on  a'  h'  c'd  is 
prex;isely  135°,  supplement  to  the  half  of  the  rightanfrle. 

5.  The  incidence  of  p  s p"  a'  on  c  p  a  b'  U  129^  13^54" 

supplement 
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supplement  of  50°  46"  6",  which  is  the  half  of  the  primitive 
angle  DPD'  (fig.  39  D). 

6.  Finally,  the  polyhedron  shares  with  the  metastatic  va- 
riety the  property  in  virtue  of  whicli  the  mutual  incidence 
of  the  faces  which  correspond  in  this  variety  with  the  tra- 
pezoids c'  p  a  d,  c'  p  a'  h\  are  equal  to  those  of  the  rhombs 
of  the  primitive  form.  These  are  the  different  ratios  which 
liave  suggested  the  name  of  analogical  given  to  the  poly- 
hedron in  question. 

We  now  see  to  what  all  the  diprerent  metamorphoses  be- 
long under  which  the  primitive  form  is  presented  in  secon- 
dary crystals,  whether  simple  or  conjpound.  Sometimes 
the  decrements  are  performed  at  once  on  all  the  edges,  as 
in  the  dodecahedron  with  rhombic  planes,  cited  above,  or 
on  all  the  angles,  as  in  the  octahedron  originating  from 
the  cube.  At  times  they  take  place  only  on  certain  edgeS 
or  certain  angles.  At  others  there  is  an  uniformity  be- 
tween them,  so  that  there  is  only  a  single  law  by  one,  two, 
three,  &c.,  ranges,  and  which  acts  on  different  edges  or  on 
different  angles,  as  it  is  also  still  observed  in  the  solids,  of 
which  we  shall  speak  presently.  Occasionally  the  law  varies 
from  one  edge  to  the  other,  or  from  one  angle  to  the  other  ', 
and  this  is  what  happens  in  particular  when  the  nucleus  has 
not  a  symmetrical  form,  as  when  it  is  a  parallelopinedon, 
the  faces  of  which  differ  by  their  respective  inclinations,  or 
by  the  measurements  of  their  angles.  In  certain  cases  the 
decrements  on  the  edges  concur  with  the  decrements  on 
the  angles  to  produce  the  same  crystalline  form.  It  also 
happens  sometimes,  that  the  same  edge,  or  the  same 
angle,  undergoes  several  laws  of  decrement  which  succeed 
each  other.  Finallv,  there  is  a  muhitude  of  cases  in 
which  the  secondary  crystal  preserves  faces  parallel  to  those 
©f  the  primitive  form,  and  which  are  combined  with  the 
faces  produced  by  the  decrements,  in  order  to  modify  the 
figure  of  this  crystal. 

If  amidst  this  diversity  of  laws,  sometimes  solitary,  and 
sometimes  marching  as  it  were  by  groups  round  the 
same  primitive  form,  the  number  of  ranges  subtracted 
\<'as  in  itself  very  variable  ;  if,  for  example,  there  were  de- 
crements by  twenty,  thirty,  forty,  or  more  ranges,  as 
may  be  imagined,  the  multitude  of  forms  which  might  ex- 
ist in  each  species  of  nnneral  would  be  lit  to  overwhelm  \.ht 
imagination,  and  the  study  of  crystallographv  would  present 
An  immense  labyrinth,  which,  in  spite  of  the  ciue  furnished 
by  theory,  could  with  difficulty  be  unravelled.  But  the 
power  nhich   produces  the  subtractions  seems  to  have  a 

very 
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very  limited  action.  These  subtractions  are  roost  frequently 
tormed  by  one  or  two  ranges  of  molecules,  I  have  found 
none  whicli  went  beyond  six  range's*;  but  such  is  the  fer- 
tility which  is  united  with  this  sirai)i;citv,  that,  by  confining 
ourselves  to  decrements  by  one,  two,  three,  and  four 
ranges,  and  abstracting  those  which  are  mixed  or  inter- 
mediate, we  dnd  that  the  rhombcnd  is  susceptible  of  eight 
millions  three  hundred  and  eighty  eight  thousand  six  hun- 
dred and  four  varieties  of  crystallization.  Without  doubt, 
amons  the  circumstances  which  can  determine  all  these 
varieties,  there  are  many  which  are  not  met  with  in  nature. 
But  there  is  reason  to  think  that  discoveries  of  this  kind 
will  continue  to  be  multiplied  for  some  time  to  come,  in 
proportion  as  a  taste  for  mineralogy  continues  to  be  diffused, 
since  we  tiave  harulv  as  yet  observed  4S  distinct  varieties  ia 
the  species  of  carbonated  lime,  which  is  the  richest  of  all 
in  crystalline  forms,  at  least  if  we  may  judge  from  the  pre- 
sent state  of  our  knowledge. 

Tn  order  to  have  a  still  more  accurate  idea  of  the  power  of 
crystallization,  we  must  add  to  this  facility  of  producing  so 
many  diflerent  forms,  in  commencing  with  a  single  li-'"ure, 
that  of  attaining  one  and  the  same  form  by  different  struc- 
tures. The  rhomboidnl  dodecahedron,  for  instance,  which 
we  obtained  by  combining  cubical  molecules,  exists  in 
the  garnet,  with  a  structure  composed  of  small  tetrahe- 
drons with  triangular  isoscele  faces,  as  we  shall  find  under 
the  head  of  this  mineral  substance  ;  and  I  have  found  it  iii 
a  species  of  t^uated  lime,  where  it  is  also  an  asseinblajie 
of  tetrahedrons,  but  regular,  and  the  faces  of  which 
are  equilateral  triangles.  But  besides  all  this,  it  is  possible 
that  similar  molecules,  subjected  to  a  variation  of  laws, 
j>reseni  identically  the  same  result.  Thus  the  regular  hexa- 
hedral  j)rism,  which  in  carbonated  lime  t^enerallv  exists  in 
virtue  of  a  decrement  on  the  inferior  angle,  sometimes  pro- 

•  We  meet,  clthough  very  rarely,  with  mixed  decrements,  which  take 
place  according  to  ratios  such  as  4  is  to  9,  or  3  to  8,  one  ()f  the  two  terni* 
desiguatiiig  the  number  of  ran^res  subtracted  in  breadth,  and  ths  other  tfie 
number  ot  ranges  subcracted  in  height;  and  such  are  hitherto  the  ratios. ui 
this  descriptiou,  .that  it  is  sufficient  to  increase  or  diminish  by  a  unit  one  of 
the  two  terras,,  that  tiie  decrement  may  enter  into  the  most  common  cases. 
For  example,  if  in  the  lirst  of  the  ratios  which  has  been  quoted  we  retrench 
a  unit  from  9,  and  if  we  add  one  to  three  in  the  second,  e^chratio  will  Ije- 
Corae  i  or  ';.  It  resuhs  that  the  absolute  measurement  of  tlie  dtcreir.eats  ia 
questiou  does  uot  exceed  that  of  tl^e  ordinary  decrements,  for  insta.ice. 
~  and  ^  are  both  of  Uicui  less  than  ^,  wliich  expresses  a  simple  decreaieat. 
Now  it  seems  to  me  that  a  decrement  ought  to  be  estimated  accordii^^  to 
the  absolute  v;ilue  of  the  ratio  which  represents  it,  ai.d  not  according  t,o  the 
terms  of  this  ratio  considered  independently  of  cjcU  oilier. 
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ceeds  from  a  decrement  on  the  edges  adjacent  to  this  angles. 
We  have  seen  the  primitive  form  copied  as  it  were  bya Taw 
of  decrement.  A  nucleus  even,  aUhough  fictitious,  substi- 
tuted in  imagination  for  the  true  one,  would  give  a  dodeca- 
hedron completely  similar  to  that  of  paradoxical  carbonated 
lime,  by  the  help  of  a  lavi'  still  n)ore  siujpicthan  that  v.-hich 
really  takes  place  *.  In  the  species  particularly  in  which 
the  primitive  form  has  a  certain  chivactcr  of  symmetry,  as 
M'hen  it  is  a  rhomboid,  the  analogies  and  properties  present 
themselves  on  all  hands.  It  should  seem  as  if  geometry 
could  not  touch  any  term  of  the  innumerable  series  of  pos- 
sible terms,  without  leaving  on  it  the  impression  of  some 
interesting  verity. 

[To  be  continued.] 


XLII.  Proceedings  of  Learned  Societies. 

TROCEEDINGS  OF  THE  FltENCH  NATIONAL  INSTITUTE 
FOll  THE  YEAR  1806. 

[Concluded  from  p.  237.] 

^O  person  is  ignorant  how  widely  Messrs.  Fourcroy  and 
Vauquelin  have  extended  the  dominion  of  animal  che- 
mistry. 

The  present  year  has  presented  us  with  two  additional 
memoirs  in  this  department  of  science  one  of  them  treat- 
ing of  animal  mucus,  and  the  other  of  uree. 

The  animal  nuicus  transudes  from  all  the  membranes 
which  issue  from  those  of  the  cavities  of  the  body  com- 
municating with  the  exterior ;  such  as  the  nostrils,  the 
trachea,  the  intestines,  and  the  bladder.  It  differs  from  al- 
burhen,  which  forms  the  basis  of  the  while  of  eggs,  because 
the  acids  coagulate  instead  of  dissolving  it,  aud  heat  on  the 
contrary  does  not  produce  coagulation.  It  differs  from  ge- 
latine, because  it  is  not  dissolved  in  such  a  great  quantity  in 
water,  and  no  jelly  is  formed ;  but  it  continues  to  be  vis- 
cous and  thready  as  long  as  it  remains  undried  :  it  is  the 
mucus  hardened,  and  nuxed  v.ith  a  fatty  substance,  which 
forms  the  hair,  nads,  and  epidermis. 

Uree  is  the  colouring  matter  dissolved  in  the  urine,  and 
forms  one  of  the  principal  characters  of  this  liquid  :  more 
abundant  in  azote  than  any  other  animal-substance,  it  seems 

*  It  will  be  shown  in  the  geonictricaLpart  of  this  work,  that  it  is  always 
possible  to  sub^titute  ii\  potheticallv,  insieadof  the  true  nucleus,  a  secondary 
form  chosen  at  pltaaue,  in  such  a  maimer  that  the  other  forms  become  se-j- 
condary  in  their  turn  with  respect  to  this  supposed  nucleus. 

essentially 
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essentially  ciesnn'cd  (o  free  the  animal  body  from  the  super- 
abundance of  this  element.  The  two  c'nemists  in  question, 
although  long  occupied  in  studying  this  substance,  only 
procured  it  m  its  purity  but  very  lately,  and  have  conse- 
quently made  a  new  display  ot  the  properties  which  they 
found  it  to  possess  in  this  state.  , 

Here  we  ought  to  introduce  M.  Chevreuil's  experiments 
on  indiiro,  and  those  of  M.  Thcnard  concerning  the  actioa 
of  the  vegetable  acids  on  alcohol,  as  also  tlie  analysis  of  an 
animal  substance  found  in  a  grotto  by  M.  Laugier;  but  as 
these  C9mplex  and  troublesome  labours  do  not  yet  lead  to 
any  general  principle  proper  for  being  inserted  in  a  report 
of  the  present  description,  we  are  obliged  to  refer  to  the 
memoirs  thcmseJvcs,  which  have  appeared  in  the  Annahs 
de  Chimie,  or  in  the  Annalts  dii  Museum  d'Histoire  Na- 
ture lie. 

Among  the  subjects  connected  with  anatomy  which  have 
occupied  the  attention  of  ihe  class,  the  most  interesting  ha.^ 
been  a  memoir  on  the  structure  of  the  bram  and  of  the 
nervous  svstem,  presented  by  Messrs.  Gall  and  Spurzheim, 
physicians  of  X'ienna  :  these  anatomists  consider  the  cerebral 
organ  in  a  verv  different,  and  ia  many  respects  in  a  cleai'er 
and  more  intelligible  light  tlian  hitherto  adopted.  Accord- 
ing, to  them  the  cortical  is  the  organ  from  which  the  ner- 
vous fibres  is^ue,-  which  constitute  the  white  or  medullary 
substance.  Wherever  this  exists  it  arises  from  these  fibres. 
The  spinal  marrow  is  no  longer  a  fasciculus  of  nerves  de- 
SGer.dinir  from  the  brain  ;  on  the  contrary,  the  nerves  called 
ctfehral  may  be  traced  to  the  medulla  elongata.  The  cere- 
brum and  cerfcbellum  themselves  are  only  developments 
of  the  fasciculi,  coming  from  the  medulla  elongata  in  the 
same  way  as  the  nerves  come  from  it:  the  bram  in  parti- 
cular derives  its  origin  from  fasciculi  called  pyramidal  emi- 
nences, which  cross  each  other,  issuing  from  the  meduKa 
elongata,  each  of  them  proceeding  toward?  tl^.e  side  oppo- 
site to  that  from. which,  it  issues  :  they  swell  for  the  first  time 
when  crossing  the  pons  varolii,  a  second  time  when  pa=s-» 
ing  over  the  (ubefcles  called  optical  layers,  andathird  fme 
in  those  called  corpora  cavernosa,  always  by  medullary 
fibres  furnished  bv  the  grayish  matter  in  these  three  parts, 
adding  to  those  which  the  fasciculi  originally  possessed, 
and  which  there  unite  by  acuie  angles,  and  thus  ascend. 
The  cerebellum  issues  from  fascicuii  denominated proceif?<i 
cerfhelii  admedullarn.  w-hich  are  reinforced,  but  once  only, 
by  fibres  furnished  to  theiTi  by  the  gray  matter  of  what  is 
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palled  the  corpus  ciliare.   These  two  pairs  of  fasciculi,  aftcf 
being  strengthened  and  enlarged,  and   after  having  conse- 
qnejii'y  taken  a  divergent  direction,  finish  by  each  of  them 
spreading  out  into  two  great  expansions,  covered  over  ex- 
ternally with  a  gray   substance,  which,   on   this"  occasion, 
only  deserves  the  name  o^'  cortical ;  and  these  expansions 
folded  in  various  manners  form  what   are   called  the  hemi- 
spheres of  the  hrriiny  the  lobes  and  the  vermiform  process  of 
the  cerebellum.     From  their  whole  extent  other  medullary 
fibres  issue,  which,  from  the  two  sides  oF  the  cerebrum  and 
of  the  cerebellum,  converge  towards  ilie  middle  line,  where 
the  fibres  of  the  side  join  those  of  the  other,  forming  what 
are  called   cnmmis^'ures.     The  corpora  callosa,  the   fornix^ 
and  their  appurtenances,  form  the  largest  of  the  conjniis- 
sures  of  the  brain.     What  is  called  the  anterior  commissure 
IS  that   in   particular  which  joins  the  middle  lobes.     The 
commissure  of  the   cerebellum  is  composed  of  transverse 
layers  from  the  pons  (varolii).    Each  pair  of  fasciculi  form- 
in'-'"  the  nerves,  also  has  commissures  which  serve  to   unite 
the  two  parts.  When  we  remove  or  tear  the  convergent  fibres 
which  proceed  to  the  corpus  callosum,  and  which   serve  as 
roofs  to  the   lateral  ventricles,  nothing  remains  under  the 
gray  substance  except  a  medullary   pari  composed  of  the 
oru^ins  of  these  convergent  fibres,  and  of  the  extremities  of 
the  divergent  fibres  which  come  from  the  medulla  elongata; 
and  so  far  from  the  aggregate  of  all  these  fibres  forming  a 
solid  mass,  as  formerly  supposed,  there  is   always   in   the 
middle  of  each  circumvoluiion  of  the  cerebrum  and  cere- 
bellum  a  solution   of  cuuiiuuity  ;  and  with  some  care  we 
ii)ay  unfold  this   portion  of  the  white  or  medullary  sub- 
stance. 

The  committee  appointed  by  the  class,  after  having  ex- 
amined with  the  iireatest  care,  in  the  dead  subject,  the  the- 
ories of  ]Messrs.  Gall  and  Spurzheim,  gave  their  assent  to 
almost  all  of  them  which  are  dependent  on  anatomical  in- 
spection :  they  have  even  shown  that  several  of  these  ob- 
scivations  had  already  been  made  by  old  authors,  but  the 
generality  of  anatomists  had  not  bestowed  sufKcient  atten- 
tion on  the  subject :  the  only  thing  in  point  of  fact  which 
they  have  disputed  is,  the  possibility  of  unfolding  the  brain 
^,vithout  tearing  or  rupturing  any  thing.  In  their  opinion, 
there  was  at  the  most  onlv  a  more  trifling  cohesion  in  the 
middle  of  each  circumvolution  ;  but  they  were  unable  to' 
find  an  absolute  solution  of  continuity. 

iUtei  having  bestowed  on  the  two  anatomists  of  Vienna 
o    *^  th<j 


French  National  Institute,  305 

the  justice  which  was  due  to  them  for  their  anatomical  dis- 
coveries, the  commiltee  thought  it  their  duty  also  to  cau- 
tion the  public  that  there  is  no  direct  connection,  no  neces- 
sarv  relation,  between  these  discoveries  and  the  doctrine 
taught  by  M.  Gall,  on  the  functions  peculiar  to  the  diffe- 
rent compartments  of  the  brain,  or  with  the  possibility  of 
conjecturing  from  the  size  of  these  divisions  the  intellec- 
tual and  moral  dispositions  of  individuals.  ^^  Every  thing 
that  we  have  examined  respecting  the  structure  of  the  braia 
(they  say,  in  concluding  their  report.)  may  be  equally  true 
or  false,  without  the  possibility  of  any  conclusion  being 
drawn  either  for  or  against  this  doctrine,  which  can  only 
be  estimated  by  very  different  means." 

M.  Dunieril,  professor  of  medicine  at  Paris,  has  pre- 
sented an  anatomical  memoir  to  the  public,  in  which  he 
considers  under  new  points  of  view  the  bones  and  muscles 
of  the  human  and  animal  trunk. 

After  havina;  compared  the  vertebrae  with  each  other  in 
the  different  regions  of  the  spine,  and  in  the  different  classes 
of  animals,  he  endeavours  to  show  that  the  head,  so  far  as 
its  movements  are  concerned,  may  be  regarded  as  a  verte- 
bra extensively  developped  :  not  that  he  means  to  say  that 
the  head  is  a  vertebra,  which  would  be  absurd,  but  merely 
that  the  facets  bv  which  the  head  is  articulated  have  a  re- 
semblance with  the  articulating  apophyses  of  the  vertebrae; 
that  the  projecting  parts  which  afford  a  hold  to  the  muscles 
of  the  head,  have  a  resemblance  with  the  spinal  and  trans- 
verse apophyses  of  the  vertebrae,  and  that  tlie  muscles  which 
proceed  from  certain  parts  of  the  spine  to  the  head  are 
analogous  with  those  which  proceed  from  one  part  of  the 
spine  to  another.  After  having  shown  these  resemblances 
in  the  human  species,  INI.  Dumeril  traces  them  into  the 
lower  animals,  and  shows  that  at  all  times,  when  there  are 
variations  in  the  connection  of  the  parts  of  the  spine  with 
each  other,  there  are  corresponding  variations  in  those  of 
Ihe  spine  with  the  head. 

Passing  to  the  examination  of  the  muscles  which  act  in 
the  sides,  M.  Dumeril  shows  that,  whatever  are  the  varia- 
tions in  the  sides  of  various  animals,  there  is  always  nearly 
the  same  nmscles  which,  only  when  there  are  no  sides  into 
which  they  can  be,inserted,  are  attached  to  the  transverse 
apophyses  of  the  vertebras,  v.hichare  then  generally  larger. 
From  all  this  the  author  infers,  that  between  the  sides  and 
the  transverse  apophyses  there  is  a  resemblance  of  connec- 
tions and  of  functions  of  the  same  f)rder  with  that  which 
he  established  between  the  head  and  the  vertebrae. 
Vol.  34.  No.  133.  Octoier  I&09.  U  He 
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He  makes  a  relkctioii  on  \h\<  .sul)ject,  the  truth  of  which 
is  (Icmon-tratcd  by  every  animal  organization  with  which 
we  arc  acquainted. 

*'  Nature,"  he  says,  "  is  ever  fertile  in  her  resources: 
she  never  passes  to  a  secondary  combination  until  her  pri- 
mitive type  and  its  modifications  become  insufficient,  and 
never  adds  an  organ  until  new  circumstances  require  greater 
efforts  and  more  powerful  means." 

It  is  this  principle  which  forms  the  basis  of  comparative 
anatomv  :  it  is  this  principle  which  has  given  birth,  not 
onK*  to  the  branch  of  this  science  which  compares  witli 
each  other  the  different  species,  but  also  to  another  more 
novel  and  not  less  curious  branch,  which  compares  with 
each  other  the  different  organs  of  one  and  the  same  species. 
Vicq-d'Azyr  had  already  given  an  exanjple  of  this  second 
branch  in  his  Memoire  sur  les  Rapports  des  Memlres  nn- 
terieurs  et  posterieurs.  JNI.  Dumeril  on  the  present  occa- 
sion has  given  another  example,  which  may  be  regarded  as 
following  up  the  former. 

M.  Villars,  correspondent  of  the  class  at  Strasburgh,  has 
presented  two  memoirs  on  the  structure  of  the  nerves.  He 
tiiinks  he  has  discovered,  by  the  help  of  the  microscope, 
that  the  envelop  of  the  nerve  is  itself  composed  of  nervous 
fibres:  but  our  committee  has  not  vet  been  convinced  of 
the  truth  of  this  assertion  from  ocular  demonstration. 

Vecietable  anatomv  has   for  several  years  been  much  in- 
uebted   to  IM.  Miibel  : — the   Royal   Society   of  Gottingen 
niade  this  the  subject  of  an  annual  prize,  which  occasioned 
the  publication  of  several  dissertations,  the  chief  of  \vhich 
were  those  of  Messrs.  Link,  Treviranus,  and   Rudolphi, 
all  of  them  professors  in  difiercnt  German  universities.  These 
learned  naturalists   agree  in  the  conclusions  of  M.  Mirbcl, 
adding  some  observations  to   his,  but   contradict  him  on 
some  points.    This   opposition  induced   him  to   publish  in 
his  turn  a  defence  of  his  theory,  in  which  he  d-et^rmines 
it  with  more  precision  by  reducitig  it  into   aphorisms,  and 
in  which  he  endeavours  to  show  that  the  most  of  the  ob- 
jections made  against  him,  eiiher  proceeded  from  his  mean- 
ing being"  misunderstood,  or  from  his  observations  having 
been  repeated  with  too  little  care. 

The  same  botanist  has  this  vear  presented  to  the  class  a 
particular  memoir  on  the  germination  of  the  grasses,  and 
another  on  the  distinguishing  characters  of  the  monoeotyte- 
dontal  and  dicotyledontal  plants. 

In  the  former  he  has  shown  that  the  stigmnta  of  wheat 
unite  in  a  small  channel  whicli  proceeds  tuuards  the  base 
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of  the  embryo,  and  which  serves  as  a  conductor  to  the  fe- 
cundation :  that  the  cotyledon,  as  J\'l.  Jussieu  supposed,  is 
a  pulpy  substance,  in  which  the  radicle  and  the  plumula 
are  insensibly  developped,  and  which  is  opened  accord- 
ing to  its  length,  in  order  to  allow  thein  to  pass  in  such 
a  way  that  by  itself  it  performs  the  function  of  a  sheathing 
leaf. 

In  general  the  cotyledons  have  the  greatest  analogy  with 
the  leaves;  like  the  latter,  ihcy  are  irritable  In  the  sensitive 
plant,  bear  hairs  in  tht;  borage  plant,  a  "land  at  the  end  in 
plaintains,  and  coloured  points  in  the  herb  burnet.  Sec;  in 
short,  there  are  real  leaves  in  the  seed.  If  the  cotyledons, 
when  there  are  two  of  them,  are  always  opposite,  even  when 
the  leaves  of  the  plant  are  alternate,  it  is  because  the  stalk 
cannot  be  developped  in  the  seed,  and  the  interval  between 
the  two  cotyledons  cannot  be  marked.  From  these  multi- 
plied connections  of  form  and  nature  between  the  cotvle- 
dons  and  the  leaves,  M.  JNIirbcl  concludes  that  the  number 
of  these  same  cotyledon-^  should  also  have  its  cause  in  some 
circumstance  relative  to  the  leaves,  and  he  thinks  that  the 
monocotyledontal  plants  are  always  those  whose  leaves  are 
sheathed  within  each  other:  this  is  evident  with  respect  to 
the  grasses  and  the  lilinrefe,  particularly  if  we  reflect  that 
the  bulb  is  formed  of  the  sheathing  of  llie  bases  of  all 
the  leaves;  and  also  with  respect  to  several  other  plants  of 
this  branch  of  the  vegetable  kingdom. 

Passing  to  the  formation  of  the  wood,  M.  Mirbel  shows 
that  it  is  always  consposed  of  fibres  dispersed  here  and  there 
in  a  cellular  texture  similar  to  the  sap  of  the  dycotylcdonta, 
but  which  is  formed  in  several  monocotyledonta  of  thesa 
fibres  at  the  circumference  as  well  as  at  the  centre  :  these  last 
have  consequently  tvn»  vegetations  ;  one  around  the  outside, 
which  increases  the  diameter  ot  their  trunk,  and  the  other 
at  the  centre,  which  increases  their  density.  He  considers 
each  of  the  fibres  of  the  trunk  of  the  monocotyledonta  as  if 
it  answered  to  an  entire  trunk  of  a  dycotyledon,  and  shows 
that  there  takes  place  a  series  of  operations  equally  com- 
plete as  in  these  trunks. 

M.  Mirbel  has  been  rewarded  for  these  ingenious  labours 
by  being  elected  a  member  of  the  Institute,  in  the  room  of 
the  late  M.  Ventenat. 

M.  Decandolle  has  this  year  conferred  additional  favours 
on  tlie  science  of  botany.  He  has  drawn  up  a  memoir  on 
plants  u  iih  conjpound  fl(>wers,  in  which  he  forms  a  sepa- 
rate family  of  those  whose  flowerets  have  two  inequal  labia, 
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and  ill  which  he  distributes  those  denominated  cijnarO' 
cephuii,  according  to  the  lateral  or  terminal  insertion  of  the 
grain. 

In  aeneral  the  present  year  has  shown  that  botany  is  cul- 
tivated in  France  with  more  ardour  than  ever.  The  me- 
moir of  ISI.  du  Peiit-Thouars  on  the  family  of  the  orckidece, 
the  forerunner  of  a  large  work  on  the  natural  families  of 
plants,  which  this  eminent  botanist  is  about  to  publish, — 
the  menn)ir  of  M.  Longchamp  on  the  narcissi, — themono- 
graphy  of  the  erjjugia,  by  M.  de  la  Roche, — have  added 
greatly  to  the  fame  of  their  respective  authors. 

M.  du  Petit-Thouars  in  particular  has  come  to  the  reso- 
lution of  publishing  his  theory  of  vegetation,  founded  on 
the  development  in  two  directions,  which  he  admits  in  the 
shoots,  and  of  which  we  have  already  given  an  idea  in  pre- 
ceding reports. 

M.  Ventenat  terminated  his  laborious  career  by  a  memoir 
on  the  genera  saynyda  and  ccesaria,  of  which  he  make* 
a  new  family  closely  allied  to  the  rhamnoides :  this  last 
effort  of  his  genius  was  intended  for  the  continuation  of 
the  Jardin  du  Cels,  a  work  which  his  death  interrupted. 

The  history  of  animals  has  been  enriched  by  the  com- 
pletion of  M.  Olivier's  work  on  the  coleopterous  insects,  and 
by  his  description  of  all  the  gelatinous  animals  brought  to- 
gether by  Linnaeus  under  the  head  of  medusce.  M.  Peron, 
Avho  collected  a  very  great  number  of  them  in  his  voyage 
to  the  South  Seas,  adding  his  own  observations  to  those  of 
his  predecessors,  makes  this  family  amount  to  upwards  O'f 
one  hundred  and  fifty  species.  It  is  perhaps  necessary  to 
give  M.  Peron's  words  on  this  subject  when  detailing  the 
singularities  of  these  zoophytes:  **  Their  substance  seems 
to  be  nothing  but  coagulated  water,  and  nevertheless  they 
exercise  the  most  important  functions  of  life  ;  their  multi- 
plication is  prodigious,  and  yet  we  know  nothing  of  their 
peculiar  mode  of  generation ;  they  are  sometimes  several 
feet  in  diameter,  and  50  or  60  pounds  in  weight,  and  their 
nutritive  system  escapes  our  view  ;  they  execute  the  most 
rapid  motions,  and  the  details  of  their  muscular  system  are 
imperceptible ;  they  have  a  kind  of  very  active  respiration, 
and  its  actual  seat  is  a  mystery ;  they  appear  extremely 
feeble,  and  considerable  numbers  of  fishes  make  them  their 
daily  prey :  the  zoophytes  in  question  shine  in  the  darkest 
jiights  like  globes  of  fire;  some  of  them  burn  and  render 
torpid  the  hand  which  touches  ihem, — the  principles  and 
agents  of  these  two  properties  remain  still  to  be  discovered." 

The 
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The  medusae,  properly  so  called,  have  a  gelatinous  body 
nearly  of  the  form  of  the  top  of  a  mushroom,  which  M. 
Peron  calls  umbrella,  after  the  example  of  Spall;mzani  ; 
but  they  differ  from  each  other,  in  as  much  as  some  of  them 
have  a  mouth  and  others  want  it;  some  have  several  mouths, 
and  in  others  there  is  a  production  under  the  umbvelia  in 
the  form  of  a  pedicle. 

M.  Peron  from  these  characters  has  formed  a  tree  of  di- 
visions and  subdivisions,  in  which  all  the  mcdusse  in  ex- 
istence must  necessarily  fall  to  be  classed,  and  in  which  he 
has  placed  all  those  with  which  he  is  acquainted.  Faithful 
and  accurate  paintings,  executed  by  his  fellow  voyager  M. 
Lesueur,  explain  all  that  variety  of  forms  and  colours  so 
necessary  for  subjects  of  natural  history. 

To  these  inquiries  into  external  characters,  M.  Peron  has 
added  some  interesting  details  on  the  internal  structure  of 
these  animals,  and  particularly  the  genus  called  rhizosto- 
miim.  M.  Cuvier  had  so  denominated  it,  because  he  sup- 
posed that  the  filaments  attached  to  its  ten'acula  were  so 
many  suckers,  and  that  the  nourishment  thsreby  inhaled 
proceeded  to  a  central  cavity,  from  which  it  was  distributed 
to  the  whole  body  by  an  infinite  number  of  vessels  arranged 
very  regularly,  and  multiplied  particularly  in  the  edgesof  the 
umbrella.  The  four  apertures  in  the  sides  of  the  base  of  the 
pedicle  appeared  to  M.  Cuvier  to  be  the  organs  of  respiration. 

M.  Peron  on  the  contrary,  having  observed  several  living 
rhizostoma,  and  having  seen  them  lake  in  some  small  ani- 
mals by  these  four  apertures,  and  suck  them  in  towards  the 
four  cavities  to  which  they  lead,  is  of  opinion,  that  these 
are  four  distinct  mouths  and  stomachs,  and  that  the  large 
vascular  apparatus,  which  fills  the  pedicle  and  the  edges  of 
the  umbrella,  is  with  much  more  probability  set  apart  for  the 
office  of  respiration,  as  it  is  almost  always  filled  with  air. 

M.  Cuvier  has  this  year  instructed  the  class  wiih  respect 
to  certain  species  of  reptiles,  the  bones  of  which  have  been 
found  buried  in  the  earth.  All  of  them  had  been  regarded 
as  belou£>'ing  to  crocodiles,  and  even  peculiar  to  a  crocodile 
of  the  Ganges  called  the  Gavial  genus ;  but  there  are  lizards 
of  the  safeguard  or  tapinamhis  species,  which  belong  also 
to  the  Gavial  genus,  although  they  have  ^distinctly  marked 
differences  in  their  respective  characters. 

What  is  most  singular  with  respect  to  these  fossil  bones 
of  reptiles  is,  that  they  are  found  at  a  much  greater  depth 
than  those  of  land  animals. 

The  environs  of  Maestricht  also  contain  the  bones  of  a 
great  animal  of  that  family,  v/hich  some  regard  as  a  fish  and 

U  3  others 
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others  as  a  cr(x:oilile.  M.  Cuvier  has  endeavoured  to  show 
tl)at  it  is  a  momior,  ahliough  a  ^iant  oi:  its  kind.  It  is  up- 
wards ()J:'25  }Cet  in  length  ;  the  luil  is  short  in  proportion,  but 
broader  than  that  of  the  other  species,  and  proi)ablv  formed 
a  powerful  rudder ;  as  every  thuig  favours  the  suggestion 
that  this  animal  was  strong  cnous'.h  to  hve  on  the  surface  of 
the  ocean ;  its  bones  are  generally  found  among  those  of 
large  tortoises  and  shcll-fish. 

Mr,  JtfFerson,  president  of  the  united  states  of  America, 
has  sent  to  the  class  a  fine  collection  of  fossil  bones  dug  up 
on  the  banks  of  the  Ohio  in  North  America:  the  greatest 
part  belongs  to  the  huge  animal  improjjcrly  called  the 
mammoth  by  the  Americans,  and  to  which  M.  Cuvier  has 
given  the  name  of  mastodontus  ;  but  there  arc  several  bones 
in  the  collection  belonging  to  the  true  mammoth  of  Siberia, 
These  two  gigantic  animals  seem  therefore  to  have  formerly 
inhabited  the  whole  northern  htmisphcre. 

We  cannot  account  for  the  extirpation  of  these  enor- 
mous races,  and  of  so  many  others  that  have  been  victims 
of  the  same  catastrophe,  without  being  completely  acquaint- 
ed with  the  strata  in  which  th'^se  bones  are  buried,  as  well 
as  their  succession  and  nature.  This  is  what  has  been  at- 
tempted by  Messrs.  Cuvier  and  Brongniarc  in  the  environs 
of  Paris.  So  far  as  they  have  as  yet  been  able  to  exanune 
the  soil  in  the  neighbourhood,  they  have  found  it  to  be 
composed  of  several  strata  evidently  different.  The  lower- 
most stratum  is  an  Injmense  body  of  chalk,  which  extends 
to  England,  and  contains  nothing  but  unknown  shells, 
several  of  which  belong  to  unknown  genera.  Above  this 
chalk  there  is  a  stratum  of  clay,  which  does  not  contain  any 
organized  body,  in  several  places  arc  to  be  found  those 
strata  of  calcareous  stones  which  are  employed  ui  building; 
they  are  interspersed  with  shells,  most  of  which  are  un- 
known, but  they  belong  to  genera  with  which  we  are  ac- 
uuaintcd,  i.  e.  they  resetnblc  the  sea-shells  of  the  pre- 
sent dav. 

Hlliocks  of  plaister-stone  are  thrown  as  if  by  chance, 
sometimes  on  the  clay,  sbmetimes  on  the  calcareous  stone, 
and  contain  abundance  (;f  bones  of  iand  animals  entirely 
unknown,  the  skeleton;;  of  which  have  been  described  by 
M.  Cuvier.  In  these  beds  of  clvalk  and  the  clay  which 
immediately  covers  them,  the  shells  arc  those  of  fresh 
\vater,  but  the   upper  strata  contain  sail- waier  shells  also. 

An  immense  heap  of  sand  without  any  organized  body 

crowns  all  our  eminences  ;  and,  what  is  more  remarkable 

than  any   thing  else,    the  highest  stratum,  namely,  that 

2  which 
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which  covers  the  whole,  abounds  in  fresh-water  shell-;.  It 
is  only  in  the  bottoms  of  valleys,  or  rather  in  the  cavities 
of  this  superficial  stracum,  that  we  find  the  bones  of  ele- 
phants and  other  animals  whose  species  we  know,  but 
whose  genera  we  are  not  yet  acquainted  with. 

It  results,  therefore,  from  the  observations  of  Messrs. 
Cuvier  and  Brongniart,  that  the  sea,  afier  having  for  a 
long  period  covered  France,  and  having  several  times 
changed  the  inhabitants  and  the  nature  of  the  soil,  gave 
way  to  a  temporary  deluge  of  fresh  water,  during  which 
chalk  was  deposited  j  but  the  deluge  having  returned,  at  least 
a  second  time,  seems  to  have  destroyed  the  beings  which 
had  been  jjropagated  :  at  this  period  the  pnUeotherium  and 
the  anoplothermm  must  have  disappeared.  Every  thing 
tends  to  render  it  probable  that  this  Gclu^e  made  its  ap- 
pearance a  third  time,  and  on  this  occasion  pcrha^)s  the 
elephants  disappeared. 

By  similar  investigations  in  other  countries,  we  may  be 
enabled  to  determine  if  there  be  anv  thing  general  in  the 
arrangement  of  the  strata,  and  of  tlie  organaed  bodies 
which  they  contain;  and  we  may  thereby  succeed  w.  fixing 
our  ideas  on  the  succession  of  the  catastrophes  \\fiich  have 
brought  the  surface  of  our  globe  into  the  slate  in  which  it 
flow  is- 

M.  Sage  has  given  us  some  analyses  and  descriptions  of 
certain  stones,  such  as  chalct-dony,  connnon  agate,  and 
that  kind  of  volcanic  stone  called  gaestein :  he  has  also 
communicated  some  experiments  on  the  cohesion  which 
lime  contracts  with  various  substances, — experiments  which 
will  he  useful  in  ascertaining  the  composition  of  various 
mortar. 

M.  Brochant,  mining  engineer,  has  conuuunicatcd  some 
observations  relative  to  strata  much  more  anticnt  th  uj  those 
in  the  environs  of  Paris,  and  which  M.  Werner  has  de- 
signated by  the  name  of  soils  of  translt'ion,  because  they 
are  placed  between  those  primitive  muuiiiains  anterior  to 
organization,  and  those  secondary  strata  tilled  with  the  bones 
of  animals.  Most  of  them  are  composed  of  fragments  of 
primitive  soils  united  together  like  luulduig-sionesby  va- 
rious cements,  and  here  and  there  v.e  now  begin  to  find 
remains  of  animal  and  vegetable  organizations. 

Saussure  had  alreadv  noticed  these  soil?  in  th"  Alps; 
hut  M.  Brochant  determines  theni  uah  more  prtcisinr  and 
follows  them  more  into  detail,  chiefly  along  the  Alps  on 
the  side  of  France. 

M.  Lescalier;  the  maritime  prefect  of  Genoa,  has  con- 
U  4  sidered 
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sidered  mountains  under  another  point  of  view,  in  a  mc- 
itioir  on  the  climate  of  Liguria,  in  which  he  shows,  by  va- 
rious examples,  that  this  country,  protected  against  the 
north  winds  by  the  Apennines,  is  more  favourable  to  the 
plants  of  warm  countries  ihan  any  other  of  the  same  lati- 
tude, because  the  winter  there  is  milder,  alihougli  of  longer 
duration,  while  the  summer  is  cooler  on  account  of  the 
vicinity  of  the  sea  and  the  snow. 

The  natural  history  of  the  department  of  Doubs  has  been 
embraced  in  all  its  parts  by  M.  Girod-Chantrans,  in  a 
work  submitted  to  the  judgment  of  the  class,  and  in  which 
he  gives  the  catalogue  of  all  the  species  of  plants  and  ani- 
mals which  he  could  find,  with  descriptions  of  the  moun- 
tains, mineralogy,  springs,  and  other  phaenoracna.  It  is 
much  to  be  desired  that  all  the  departments  of  the  empire 
were  described  with  the  same  precision. 

Every  person  knows  that  dropsy,  generally  considered  as 
the  effect  of  an  obstruction,  is  treated  by  aperients  and  sharp 
purgatives,  given  under  every  different  form.  A  merrioir 
from  the  pen  of  M.  Departz  has  treated  this  regimen  as 
rather  too  much  followcfi.  He  has  cited  a  nutTiber  of  obser- 
vations v.hich,  in  his  opinion,  prove  that  many  cases  of 
dropsy,  particularly  those  produced  by  mental  anxiety,  de- 
pend on  a  too  great  contraction  in  the  vessels,  and  require 
mild  evacuants.  He  even  asserts,  that  this  kind  of  dropsy 
is  more  common  than  is  generally  supposed,  and  that  it 
deserves  all  the  attention  which  practitioners  can  bestow. 

M.  Leouin,  who,  without  being  a  medical  man,  has  been 
occupied  bv  a  praiseworthy  zeal  of  furnishing  new  agents 
to  medicine,  seems  to  have  particularly  attached  himself  to 
combat  intermitting  fevers,  which  are  so  common  and  so 
direful  in  all  countries.  He  has  long  treated  them  with 
gelatine,  and  assures  us  he  has  obtained  the  most  decided 
success.  This  year  he  tried  albumen,  and  found  it  very 
successful  also.  He  has  already  cured  forty-one  patients, 
by  giving  them,  at  the  time  of  the  fit,  the  whites  of  three 
eggs  diluted  in  warm  water  with  a  little  sugar.  In  his 
opinion  this  remedy,  as  well  as  gelatine,  is  the  more  cou- 
venient  because  we  may  lay  it  aside  if  the  first  fits  which 
succeed  its  exhibition  are  not  milder. 

M.  Portal  has  this  year  read  an  account  of  a  patient  whq 
laboured  under  the  various  symptoms  of  Phthisis  piilmo- 
nalis,  added  to  some  others,  the  cause  of  which  was  un- 
known. On  opening  the  body,  there  was  an  abscess  in  the 
Jiver  as  well  as  in  the  lungs,  and  both  abscesses  com- 
jjiunieated  through  an  opening  in  the  diaphragm. 

M.  Pelletaa 
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M.  Pelletan  has  presented  a  work  on  internal  aneurisms. 
These  diseases,  although  almost  always  mortal,  may  be 
checked  in  their  progress  when  care  is  taken  to  debilitate 
the  patient  by  frequent  phlebotomy  and  other  means.  This 
treatment,  suggested  by  Valsalva  from  an  idea  of  Hippo- 
crates, has  be^n  successfully  resorted  to  by  M.  Pelletiiu  ; 
and  with  three  patients  he  succeeded  in  performing  a  radical 
and  unequivocal  cure. 

Some  polemical  writings  on  the  Tlica  poloiiica,  exchanged 
between  M.  Chamseru  and  the  adversaries  of  his  t)pinions 
on' the  subject,  having  led  to  nothing  further  than  what  we 
last  year  communicated,  we  vvait  for  more  conclusive  ob- 
servations before  we  resume  the  subject. 

We  now  proceed  to  the  agricultural  department,  with 
which  we  shall  close  our  report. 

The  Projetdu  Code  Rural,  drawn  up  by  order  of  his  ma- 
jesty, has  been  submitted  to  the  examination  of  commis- 
sioners chosen  from  everv  department  of  the  empire.  This 
work  is  intended  to  guard  the  farming  interest  of  France 
against  every  kind  of  depredatir«n  or  deterioration. 

M.  Tcssier  has  also  by  order  of  the  government  edited  a 
popular  course  of  instructions  relative  to  the  culture  of  cot- 
ton in  France,  and  which  has  already  been  attended  with 
success  in  the  southern  provinces. 

M.  Bosc  has  reaxl  a  memoir,  at  once  botanical  and  agri- 
cultural, in  which  he  describes  2S  species  of  ash  trees 
long  cultivated  in  the  neighboured  of  Paris,  which  were 
either  not  known  to  naturalists  or  confounded  with  each 
other.  Several  of  these  species,  indigenous  of  North  Ame- 
rica, are  laree  trees,  which  may  become  very  useful  to  the 
arts  l)y  the  pliability  and  elasticity  of  their  wood,  qualities 
in  which  they  are  superior  to  the  common  ash-tree. 

If  we  refer  to  the  memoirs  on  establishing  the  sugar-cane 
in  France,  by  M.  Cossigny, — to  the  paper  by  M.  Morel  de 
Vincle,  on  the  method  of  increasing  Merino  sheep. — to  the 
chemical  principles  of  dyeing,  by  M.  Chaptal, — and  to  the 
tv:o  volumes  oiAii ales,  published  this  year  by  the  professors 
of  the  museum  of  natural  history;  it  will  he  evident  that 
the  science  of  agriculture  has  not  been  neglected. 

Three  new  substances  added  to  chemistry,  one  of  which 
had  been  in  vain  sought  after  for  twenty  years,  the  two 
others  scarcely  supposed  to  exist, — more  precise  ideas  on  the 
structure  of  the  most  important  organ  of  the  animal  body. — 
a  more  positive  knowledge  of  some  parts  of  the  world, — 
a  multitude  of  organized  beings  added  to  the  numerous  list 

already 
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already  In  our  possession ;  notions  more  accurate  respecting 
their  formation  : — succours  still  more  valuable  contributed 
by  chemistry  and  natural  history  to  rural  and  domestic 
occonomy  ;  valuable  observations  in  medicine  and  precious 
remedies, — All  thesje  have  we  this  \ear  to  enrol  in  the  an- 
nals of  the  Institute,  as  the  Romans  enrolled  the  conquests 
of  the  republic  :  and  we  have  a  right  to  boast  in  this  man- 
ner: for  although  all  these  discoveries  may  not  have  pro- 
ceeded directly  from  members  of  our  body,  yet  we  are  not 
etrangers  to  any  of  them,  since  by  our  diligence  and  la- 
bours we  have  proved  their  reality. 


XLTII.  Intelligence  and  Miscellaneous  Articles, 

IkfESSRS.    LONDOXS'    PROCESS     FOR    PCJRIFYING    MURIATE 
OF    SODA*. 

JL  HIS  process  consists  in  purifying  or  refining  muriate  of 
»oda,  whether  obtained  from  rock  or  fossil  salt,  brine, 
springs,  sea  water,  or  from  any  other  source,  by  fusion, 
or  by  heat,  or  calcination  ;  and  by  the  application  of  soda, 
its  nitrate,  sulphate,  carbonate,  or  any  other  of  its  com- 
binations ;  potash,  volatile  alkali,  lime,  or  their  sulphates, 
nitrates,  carbonates,  or  other  combinations;  or  by  the  ad- 
dition of  any  other  material  or  re-agent  that  will  effect  the 
decomposition,  precipitation,  or  separation  of  the  whole 
or  part  of  the  earthy  or  metallic  salts  combined  with  the 
muriate  of  soda. 

The  muriate  of  soda  (common  salt)  with  the  necessary 
re-agents  is  to  be  put  into  a  reveri)erating  furnace,  and  such 
a  degree  of  heat  applied  as  will  fuse  the  muriate  of  soda, 
which  being  kept  in  fusion  a  sufficient  length  of  time,  the 
earthy  and  metallic  parts  are  decomposed,  precipitated,  or 
separated;  and  the  purified  muriate  is  drawn  ofi'  or  taken 
out  into  proper  receiving  vessels  as  long  as  it  continues  to 
come  off  clear,  leaving  the  sediment  or  impure  residue  at 
the  bottom  of  the  furnace. 

The  muriate  of  soda  thus  prepared  may  be  broken  into 
any  sized  grains  or  pieces  required. 

If  the  muriate  of  soda  be  not  required  in  that  state  of 
purity  in  which  it  may  be  obtained  by  the  above  process, 
the  expense  of  re-agents  need   not   be  incurred.     By  mere 

♦  Extracted  from  their  specification,  a  patent  having  been  granted  for 
Iheir  process. 

fusion 
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fusion  as  above  described,  a  portion  of  ihe  earlby  and  me- 
tallic salts,  with  which  it  i.iay  be  contaminated,  will  be 
precipiiated,  and  the  purer  muriate  may  be  separated  as 
alrcadv  described. 

The  muriate  of  soda  left  mixed  with  the  precipitated  re- 
siduum, is  afterwards  recovered  by  solution  and  evapo- 
ration. 

Salt  so  obtained,  may  be  refined  by  the  modes  usually 
practised  with  rock  salt,  viz.  solution,  deposition,  and 
evaporation  ;  and  salt  so  refined  will  (say  the  patentees) 
be  purer  and  more  fit  for  curing  lish,  and  provisions  for 
connnon  use,  than  any  small  salt  at  present  manufactured, 
and  may  supersede  the  necessity  of  importing  foreign  or 
bay  salt  altogether. 


M.  Chladni,  so  well  knov.n  for  his  various  researches  m 
the  science  of  acoustics,  has  invented  anewnuisical  instru- 
ment, to  which  he'gives  the  name  of  elavi-cvlinder.  Tlie 
imperial  conservatory  of  music  at  l^aris  have  niade  a  very 
favourable  report  on  the  subject  of  M.  Chladni's  invention, 
which  they  describe  as  resembling  the  flute  and  clarionet  in 
the  high  notes,  and  the  bassoon  in  the  lower  kevs.  The 
report  candidly  states,  that  the  clavi- cylinder  is  not  so  well 
adapted  for  lively  strains  as  for  solemn  music  ;  l)ut  its  effects 
in  the  orescendo  and  diminuendo  are  highly  praised. 

M.  Chladni  himself  describes  his  invention  in  the  fol- 
loving  ternis  :  "  The  clav'i-cylinder  contains  a  set  of  kevs, 
and  behind  this  a  glass  cylinder  seven  ecntimelrcs  in  di- 
ameter, vhich  is  turned  by  means  of  a  pedal  and  a  loaded 
wheel.  This  cylinder  is  not  the  sounding  bodv,  but  it 
produces  the  sound  by  friction  on  the  interior  mechanism. 
The  sounds  may  be  prolonged  at  pleasure,  with  all  the 
shades  of  orescendo  and  diminuendo,  in  proportion  as  liie 
pressure  011  the  keys  rs  increased  or  diminished.  This  in- 
strumenl  is  never  out  of  tune.  It  contains  four  octaves  and 
a  half,  from  ut,  the  lowest  in  the  harnsicord,  up  ioj'a." 

William  Jackson  Hooker,  esq.,  F.L.vS.,  of  Norwich, 
has  lately  returned  from  Iceland,  v.  here  he  spent  the  sum- 
n)er  in  investigating  ih.e  natural  history  of  that  interesting 
country.  He  travelled  with  a  retinue  of  Icelanders  as  far  up 
the  country  as  the  perennial  f-now  would  permit,  eolleeiing 
numerous  specimens  of  quadrupeds,  birds,  insects,  plants, 
minerals,  Sec.,  making  drawings  .of  the  most  iniporiant 
objects  of  curiosity,  and  also  purchasing,  in  different  places^ 
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many  Icelandic  books,  weapons,  dresses,  &c.,  at  great  cost. 
Mr.  Hooker  visited  the  Geysers  or  hot  spouting  springs, 
and  pitched  his  tent  for  some  time  in  their  neighbourhood, 
^vatching  the  most  favourable  opportunities  for  making 
drawings  of  them. 

We  regret  to  add,  that  nearly  the  whole  of  this  gentle- 
man's labours  were  lost,  by  the  disastrous  circumstance  of 
the  vessel  in  which  he  embarked  for  London  taking  fire 
soon  after  they  were  out  of  sight  of  the  island,  and  being 
burnt  to  the  water's  edge.  The  crew  and  passengers  were 
saved  by  a  vessel  which  providentially  came  in  sight  soon 
after  the  fire  began. 

Mr.  Hooker,  after  whom  the  presidetit  of  the  Linnean  , 
Society  named  his  new  genus  of  mosses,  is  already  well- 
known  to  the  lovers  of  natural  history  as  the  discoverer  of 
Biixhaumla  aplujlla,  as  well  as  by  his  scientific  drawings  for 
the  valuable  work  on  Fuci,  by  his  friend  Dawson  Turner, 
esq.,  of  Yarmouth  ;  and  his  descriptions  of  several  new 
mosses  gathered  bv  Dr.  Buchanan,  during  his  journey  to 
Nepal,  published  in  the  last  volume  of  the  Linnean  Trans- 
actions. 


Beet-Root  Coffee. — We  have  frequently  had  occa- 
sion to  mention  the  progress  made  on  the  continent  in  ex- 
tracting sugar  from  beet  roots;  and  it  now  appears  that  the, 
yellow  beet  root,  when, cut  into  slices  and  kiln -dried,  fur- 
nishes an  excellent  substitute  for  coRee,  particularly  if  ground 
along  with  a  small  quantity  of  Turkey  or  West  India  cofiee. 
It  reouires  much  less  suo;ar  than  the  foreign  coffee,  and  is 
said  to  be  much  stronger.  M.  Vinnen  of  Coblentz  claims 
the  merit  of  having  discovered  this  new  application  of  beet- 
root. He  cautions  his  readers  aaainst  stripping  the  plant 
of  its  leaves  for  feeding  cattle  as  is  generally  practised,  and 
\vhich  not  only  injures  the  growth  of  the  plant,  but  mate- 
rially alters  the  qualities  of  the  juice. 


Great  exertions  are  making  in  ever  department  of  France 
to  produce  substitutes  for  West  India  sugar,  and  prizes  are 
daily  oft'ered  by  the  various  ceconomical  societies  of  the 
continent  for  the  discovery  of  the  most  proper  material  for 
that  purpose.  The  saccharine  matter  of  the  grape  has  been 
the  chief  subject  of  the  recent  experiments  of  the  French 
chemists. 

Mineralogy 
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MiNERALOfJY  OF  THE  Brazils. — By  letters  lately  re- 
ceived from  Mr.  Mawe,  from  Rio  de  Janiero,  dated  the 
15ih  of  August,  we  are  informed  that  he  is  honoured  with 
the  prince-regent's  permission  to  travel  and  make  observa- 
tions in  the  mining  district  of  the  Brazils  :  he  has  already 
passi-d  some  months  in  the  government  ef  St.  Pauls,  where 
he  discovered  a  variety  of  fine  clays  for  the  purposes  of 
porcelain,  &c.,  and  is  lately  returned  from  the  mines  of 
C-into  Gallo.  The  gold  mine  of  Santo  Rita  is  between  two 
rocks  of  sparry  Ihnestone,  a  substance  not  before  known  to 
exist  in  that  country,  nor  would  they  believe  it  until  they 
saw  it  burnt  into  lime.  These  districts,  until  now  unex- 
amined by  any  mineralogist,  (in  a  country  so  rich  in  pre- 
cious productions,.)  cannot  fail  to  be  highly  interesting  to 
the  lovers  of  natural  history. 


The  following  directions  for  training  messenger  pio-eons 
are  extracted  from  an  Arabic  work  printed  at  the  imperial 
press  at  Paris,  under  the  title  of  "  The  Messenger  Pigeon 
more  rapid  than  Lightning,  and  swifter  than  the  Clouds; 
by  Michael  Sabbagh." 

"  As  soon   as  the  young  pigeons  are  fledged,  they  must 
be  taught  to  feed  from  a  person's  hand,  and  to  drink  from 
the  same  person's  mouth.     For   this   purpose   take  up  the 
young  pigeon,  and  with  your  hand  gently   throw  back  its 
head,  open  the  bill,  and  put  two  or  three  grains  of  corn  into 
its  mouth.     When  you  think   it  has  eaten  enough,  take 
some  water  into  your  mouth  and  make  i£  drink  by  intro- 
ducing it<5  bill :  afterwards  place  it  on   the  floor  and  piay 
with  It,  teaching  it  to  follow  you.     This  exercise  ought  to 
be  repeated  twice  or  thrice  a  day,  with  the  view  of  accus- 
toming the  animal   to   be  handled.     When  the  piijcon  is 
Strong  enough  to  fly  a  little,  if  it  be  a  male,  you'should 
place  It  beside  a  female  which  has  received  the  same  traininor. 
*<  As  soon  as  they  can  fly  well,  they  may  be   put  into  a 
cage  and   sent  to   the  place  to  which   it  is  intended  thev 
jhould  afterwards  carry  messages.     The  cage  ought  to  be 
uncovered,   that  they  may  see  the   road.     As  soon  as  thev 
hjLve  arrived,  the  owner  of  the  place  to  which  they  are  sent 
will  keep  them  shut  up  for  a  month  at  least,  takinir  care  to 
play   with   them  and   handle  them   every  day.     It  will  bg 
proper  to  continue  this  treatment  for  two   months,  when 
the  birds  will  have  been  accustomed  to  this  second  place  of 
residence  :  one  at  a  time' may  then  be  let   loose,  and  not 
both  together,  for  the  following  reasons;— 1st,  If  you  set 
^  cue 
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one  of  them  only  at  liberty,  nothing  will  stop  it  on  its  war, 
neither  corn  nor  trees  will  detain  it  fur  a  niUment,  while 
the  desire  f>t"  returning  to  its  companion  will  quicken  its 
speed,  sdly,  U  any  thing  has  occurred  to  dttaiu  it,  cither 
from  its  having  visited  a  strange  pii^eon- house  or  any  other 
cause,  you  have  onlv  to  turn  out  itj  comrade,  which  will 
soon  bring  it  back.  Sdlv,  11  you  have  a  male  without  a  fe- 
male, or  vice  versa,  there  is  reason  to  icar  that  the  bird 
will  on  son)e  occasion  meet  an  agreeable  companion,  and 
of  course  neglect  its  master  and  its  errand.  For  these  rea* 
sons  1  think  it  indispensable  that  messenger  pigeons  should 
always  be  paired. 

'f  As  soon  as  a  pigeon  has  arrived  with  a  letter  at  the 
place  of  iis  destination,  it  should  be  immediately  set  at 
liberty  once  more  with  the  answer.  If  kept  long  from  its 
mate,  it  would  in  all  probability  die  of  grief,  or  refuse  to 
undertake  a  siniilar  mission  in  future. 

*'  After  the  letter  has  been  attached  in  the  way  to  be 
subsequently  explained,  the  person  charged  v.  ith  dispatch- 
ing the  pigeon  ought  to  carry  it  to  a  distance  from  the 
houses  into  the  fields,  directing  his  face  towards  the  place 
to  which  the  letter  is  to  be  sent.  The  first  time  a  pigeon  is 
employed  on  thli  service,  it  will  be  proper  to  follow  it  for 
about  a  quarter  of  an  hour,  lest  it  should  alight  on  some 
tree,  from  which  it  must  be  driven. 

^'  Some  persons  arc  in  the  habit  of  attaching  the  letter  to 
the  male  pigeon  only, .  and  letting  him  loose  along  with  a 
female  belonging  to  the  place  to  which  he  is  to  be  sent. 
When  both  arrivt-  at  their  place  of  destination,  the  female 
must  be  confined  and  the  male  sent  back  to  Ins  own  mate 
with  the  answer,  'i'his  precaution  is  had  recourse  to  in 
order  to  accustom  the  pigeons  to  go  and  come. 

*'  The  letter  entrusted  to  the  pigeon  ouyht  to  be  written 
on  very  fine  paper :  all  superfluous  words  must  of  course 
be  avoided  j  the  letter  is  generally  placed  flat  under  the 
wing,  but  in  my  opinion  it  would  be  more  advantageous 
to  fasten  it  to  one  of  the  sides  ;  in  the  first  place,  because 
the  weight  of  the  letter  would  be  less  felt;  and  secondly, 
it  would  be  less  liable  to  fall  by  the  flapping  of  the  uings 
when  the  animal  flies. 

"  By  placing  the  letter  under  the  wing  it  is  preserved 
from  rain  and  other  accidents.  It  mau  be  fastened  bv  a 
small  pin  to  one  of  the  strongest  feathers,  the  pin  being 
passed  through  the  letter  and  fastened  at  both  ends  by  a 
piece  of  thread  crossed  over  it.  Trie  point  of  the  pin  should 
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be  kept  outwards  that  the  sides  of  the  bird  may  not  be 
pricked.  Care  should  also  be  takep»  that  no  part  of  the 
letter  should  hang  out,  lest  the  flight  of  the  pigeon  be  re- 
tarded. 

"  The  nest  or  pigeon  hole  should  be  so  constructed  that 
the  bird  may  be  laid  hold  of  without  any  struggle,  or  with- 
out being  fatigued." 

Oil  of  Cabbage  Seed. — M.  Fran(pois  de  Salingre,  of 
Halverstadt,  manufactures  a  refined  oil  with  the  seeds  of 
the  cabbage  plant  {Brassica  campeitris).  Those  chemists 
who  have  examined  this  new  production,  describe  it  as 
possessing  the  followinr::  properties  : 

1.  It  equal*  m  poiiu  of  yellow  colour  and  purity  the 
finest  oil  of  l^rcvencc. 

2.  It  is  inodorous,  and  has  a  taste  of  almonds,  which 
distinguishes  it  from  the  oil  of  rape-seed. 

3.  ft  may  be  substituted  for  olive  oil  in  sallads,  and  for 
other  domestic  uses. 

4.  When  used  as  lamp  oil,  it  gives  a  bright  flame  with- 
out smoke.  It  is  also  very  ceconomical ;  a  given  quantity 
will  be  consumed  much  more  slowly  than  the  same  quantity 
of  rape  oil  within  the  same  time. 

LIST    OF    PATENTS    FOR    NEW    INVENTIONS. 

To  John  Jones,  of  Birmingham,  Warwickshire,  gun- 
lock  and  -barrel  maker,  for  certain  improvements  in  the 
manufacturing  of  skelps  for  fire-arms, — Sept.  28,  ISO9. 

To  William  Bundy,  of  Camden  Town,  Aliddlesex,  ma- 
thematical instrument  maker,  for  his  new  method  of  head- 
ing pins. — Sept.  28. 

To  John  White  the  younger,  of  Whitehall  Wharf, 
Westminster,  for  a  certain  substance  which  is  capable  of 
being  converted  into  statues,  artih'cial  melting  pots,  bricks, 
tiles,  sugar-bakers'  pans,  chinmey  pots,  garden  pots,  and 
every  description  of  pottery. — Sept.  29. 
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meteorological  table, 

By  Mr.  Garey,  of  the  Strand, 

For  October  1809. 


Thermometer.     ] 

1  j^ 

Days  of  the 
Month. 

^  o 

o 
o 

j2 

—  t 

Heigh*:  of 

the  Barom. 

Inches. 

Q's  'i 

Weather. 

Sept.  27 
28 

57° 
42 

61° 

55 

42° 
40 

29'40 

•82 

15 
10 

Stormy 
Stormy 

29 

40 

54 

43 

•95 

41 

Fair 

30 

44 

57 

50 

•85 

0 

Rain 

Oct.     1 

50 

58 

53 

30-15 

43 

Fair 

2 

52 

61 

57 

•30 

5 

Small  Rain 

3 

58 

63 

58 

•34 

10 

Cloudy 

4 

5Q 

62 

51 

•16 

40 

Fair 

5 

48 

60 

55 

•09 

42 

Fair 

6 

54 

61 

50 

•09 

46 

Fair 

7 

49 

60 

45 

•10 

38 

Fair 

8 

46 

55 

42 

•11 

39 

Fail- 

9 

44 

50 

40 

•08 

36 

Fair 

10 

40 

49 

44 

•01 

44 

Fair 

11 

45 

51 

41 

•01 

40 

Fair 

12 

40 

49 

38 

•05 

31 

Fair 

13 

34 

49 

36 

•15 

43 

Fair 

14 

32 

51 

37 

29 

Fair 

15 

35 

48 

40 

•28 

27 

Fair 

16 

46 

5Q 

53 

•08 

15 

Cloudy 

17 

53 

59 

55 

•07 

15 

Cloudy 

18 

53 

59 

56 

•07 

10 

Cloudv 

19 

55 

59 

56 

•11 

6 

Cloudy 

20 

52 

54 

52 

•11 

8 

Cloudy 

21 

52 

57 

50 

•08 

15 

Cloudy 

22 

51 

5Q 

51 

•03 

17 

Cloudy 

23 

53 

56 

54 

29-92 

21 

Cloudy 

24 

50 

60 

51 

•82 

19 

Fair 

25 

49 

5Q 

52 

30-22 

26 

Fair 

26 

52 

63 

56 

•30 

21 

Fair 

N>  B.  The  Barometer's  height  is  taken  at  aae  o'clock. 
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^LIV.  On  the  Accent  of  Salmon  over  the  Elevations  in  the 
Course  of' Rivers,  calicd  Salmon-  Leaps,  ^y  John  Carr, 
JBsq.j  of'JManchesler. 

to  Mr.  Tilloch. 

SiRjJLn  natural  history  the  correction  of  an  old  error  Is 
sometimes  ot  equal  importance  with  the  tievelopment  of  a 
new  truth;  but  wtien  the  latter  is  made  productive  of  the 
ForKier,  the  case  i>  still  more  interesting.  I  have  to  offer 
to  your  notice,  Mr.  Editor,  an  instance  of  this  description 
in  the  natural  history  of  the  salmon;  and  if  you  think  it 
deserving  a  place  in  your  respectable  monthly  repository,  it 
is  very  much  at  your  service. 

The  natural  clement  of  salmon  certainly  is  salt,  not 
fresh  water.  It  is  in  the  sea  only  that  they  acquire  their 
growth,  and  attaui  that  vigorous  strength  and  muscular 
energy  in  which  the\  are  not,  perhaj)?,  excelled  by  any  other 
animal  of  ecjual  v.\tioht  and  bulk.  Nature,  however,  has 
determined  that  thtv  shall  propagate  tlicir  species  only  in 
fresh  water;  and  it  is  for  that  suie,  but  important  purpose, 
that  they  quit  the  ocean  and  ascend  rivers  and  streams  al- 
most up  to  their  very  sources,  in  every  country  ft  here  they 
abound. 

Summer  and  autumn  are  the  seasons  when  they  enter 
fresh  water  in  the  createst  nuujbcrs,  and  when  the  slial- 
lowness  and  transparency  of  the  slreams  necessarily  occa- 
sion the  period  of  their  ascent  being  limited  to  times  of  flood 
only.  But  at  these  times  such  are  the  instinctive  energies 
which  impel,  and  the  muscular  powers  wliich  enable,  th?m 
to  advance,  that  no  natural  or  artificial  barrier  across  the 
streams,  over  which  a  shjficiertcy  of  water  tumbles,  has  ever 
yet  been  known  to  arrest  their  progress  upwards  ;  and  if  at 
these  times  their  course  is  ever  stayed,  it  resuhs  less  from 
the  height  or  other  ditScultv  of  the  opposing  obstacle,  than 
from  a  deficiency  of  that  due  proportion  of  the  descending 
fluid,  which  is  requisite  to  allow  the  natural  force  to  the 
exertion  of  their  wonderful  powers. 

From  the  elevated  ascent  of  these  extraordinary  fish, 
many  vi-aterfalls  and  cascades  have  acquired  the  name  of 
salmon-leaps.  They  are  numerous  in  the  united  kingdom, 
being  found  in  Wales,  Ireland,  and  Scotland  ;  and  some 
are  of  such  a  height  as  to  call  forth  the  admiration  and 
astonishment  of  every  person  who  views  them.  No  one  has 
ever  seen  a  salmon  actually  leap  over  any  of  these  eleva- 
tions, and  the  proof  of  their  doing  so  rests  wholly  on  the 
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circumstance  of  the  fish  being  found  in  abundance  above 
the  I'alls,  and  the  indubitable  ccrtaintv  ih.-H  they  must  have 
passed  them.  I  have  never  seen,  in  any  publication,  an  ex- 
planation of  the  manner  in  which  salmon  actually  do  ascend 
these  heights,  and  the  general  opinion  certainly  is  that  the 
fish  really  leap  over  them. 

This  notion  ot'leaping  is  probably  encouraged  by  observ- 
ing, that  when  ihe  rivers  are  but  partially  flooded,  the  sal- 
mon actually  do  leap  up  against  the  falls.  Great  number.^ 
of  them  mav  be  seen  thus  employed  for  whole  days  to- 
gether; but  none  will  ever  be  observed  to  leap  higher  than 
about  three  feet,  whereas  to  the  top  of  the  fall  is  probably 
manv  times  that  height. 

At  some  o;'  these  leaps,  indeed,  it  requires  only  a  simple 
inspection,  and  a  moment's  reflection,  to  perceive  that  no 
animal  unprovided  with  wings  could  possibly  clear  them 
in  the  manner  of  a  leap.  This  impossibility}  however,  has 
been  very  little  attended  to;  and  in  some  of  the  older  pub- 
lications on  the  subject,  the  very  manner  of  the  leap  has 
been  described,  by  gravelv  affirming  that  the  salmoti  colls 
himself  up  in  the  form  of  a  ring,  and  seizing  his  tail  in  his 
mouth,  bv  the  strained  violence  of  an  elastic  spring  over- 
tops the  hlgti  ascent  in  an  aerial  somerset. 

So  readily  accessible  is  the  marvellous  in  minds  untutored 
by  reflection,  that  this  most  extravagant  absurdity  wfis 
once  a  very  general  opinion,  and  is  still  credited  by  many. 
The  analogy  of  a  bent  cane  flying  off  with  an  elastic  bound 
was  deemed  sufficient  both  to  ilkistrate  and  establish  the 
fact,  and  no  consideration  was  paid  to  the  awkward  cir- 
cumstance of  the  tall  and  mouth  of  the  tish  being  at  right 
ansvles  to  each  other.  ^ 

It  is  now  proper  to  say  what  is  the  real  mode  by  which 
salmon  actuallv  do  pass  over  the  heights  in  question  :  and 
this  I  shall  speak,  not  from  any  speculative  guess  or  reason- 
ing on  the  subject,  but  from  niy  own  personal  observation, 
having  frequently  seen  the  transaction  take  place*  In  every 
instance  then,  where  salmon  ascend  th6se  leaps,  they  do  it 
bv  swimming  up,  and  over  the  face  and  brow  of  the  water- 
fall, penetrating  through  the  interior  of  the  descending  body 
of  water,  by  means  of  their  vast  muscular  power  operating 
on  the  action  of  their  tail. 

Thev  never  pass  these  leaps  hvii  at  times  when  the  stream 
is  very  much  flooded,  and  a  large  unbroken  mass  of  water 
is  desccndinir.  Without  such  a  solid  column  of  water  their 
ascent  would  be  physicailv  impossible.  At  these  times  the 
"Vkaier,  as  in  all  cases  of  flood,  js  highly  discoloured  3  and 
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so  (lartingly  quick  is  the  ascent  of  the  fish,  as  rather  to  re- 
semble the  trats-sient  gieanj  of  a  passing,  shadow  over  the 
water,  than  a  real  substance  pe-aetraiing  through  it.  These 
are  prohalily  the  causcb  of  all  the  obscurity  in  Ule  case.  In- 
deed, when  standing  at  the  distance  of  only  a  tew  yards,  it 
requires  a  very  strong  and  steady  eye  to  catch  the  evanes- 
cent fissure  of  the  ascendinvr  fish^  and  beholding  can  alone 
convey  any  adfquate  conception  of  the  rapid  facility  of  the 
passage  upwards.  In  a  few  instances  I  have  seen  the  sal- 
mon beaten  hack,  on  making  the  turn  at  the  top  ;  but  that 
is  uncommon,  and  it  rarely  occurs  that  the  effort  of  the 
lish  miscarries. 

This  extraordinary  ascent  of  salmon  up  a  perpendicular 
column  of  descendni<r  water  must  of  course  have  its  hinita- 
tion;  hut  it  wotdd,!. believe,  be  difficult  to  assign  its  limits, 
or  to  discover  an  instance  where  it  fails  under  adniisfible 
circumstances.  I  know  but  of  two  cases  viherein  salmon 
can  be  prevented  froiti  ascending  rivers  which  they  frequent 
in  furtherance  of  that  great  and  imperious  duty  which  I'la- 
ture  imposes  on  them,  and  these  are  when  the  5tt:ea:ii  is 
made  to  pass  through  apertures  lof)  small  tor  the  admission' 
of  the  lish,  or  \\  hen  it  does  not  descend  over  a  I'all,  without 
regard  to  its  height,  in  a  sulticiently  consolidated  and  un- 
broken niass  to  allow  of  the  salmon  swimming  up  it. 

After  accomplishing  the  great  object  of  their  journey  into 
the  fresh  water,  iIr-  salmon  again  descei^d  to  the  ocean, 
but  so  shrunk  and  wasted  by  their  detention  in  the  rivers, 
where  there  is  either  no  proper  or  no  sufficiency  of  food 
for  them,  as  scarcely  to  retain  a  third  of  their  original 
weight. 

The  spawn  is  deposited  in  holes  purposely  made  in  beds 
of  gravel,  and  covered  with  successive  layers  of  the  same 
material? ;  and  as  it  becomes  animated  each  individual  libe- 
rates and  provides  for  itself.  Their  growth  is  singularly, 
rapid,  arriving  at  six  or  eight  inches  in  length  early  in 
spring,  at  which  season,  the  whole,  then  beconie  immensely 
numerous,  follow  the  old  lish  bv  descending  v.ith  tioodi  to 
the  sea. 

In  Cumberland  is  pursued  a  very  singular  species  of 
aqueous  Sainton  hunting,  which  is  not.  I  believe,  practised 
in  any  other  part  of  the  kingdom.  On  the  flat  coasts  of 
the  sea,  and  adjacent  to  the  mouths  of  the  rivers,  as  the 
tide  retires,  some  of  the  fish  remain  in  the  shallow  water, 
that  is  in  water  two  or  three  feel  in  depth.  They  can  be 
readily  perceived  at  some  distance,  from  the  swell  of  water 
X  2  wiiicii 
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which  rises  over  them  when  in  njotion.  A  man  mountctfl 
on  a  horse  accustomed  to  the  sport,  and  grasping  a  spear 
made  for  the  purpose,  advances  towards  the  fish,  and  as 
soon  as  the  latter  has  discovered  its  pursuer  and  is  making 
off,  a  complete  chase  takes  place  between  the  horseman 
and  the  salmon.  As  soon  as  the  man  finds  himself"  nearly 
up  vi'ith  his  game,  the  spear  is  thrown  with  such  force  and 
dexterity  as  seldom  to  miss,  and  the  salmon,  entangled 
with  the  weight  of  the  spear,  soon  becomes  exhausted.  So 
very  powerful  is  the  salmon  in  water,  that  were  the  man  to 
strike  it  while  he  grasped  the  spear  in  his  hand,  he  would 
instantly  and  inevitably  be  dragged  from  the  horse. 
1  am,  sir,  your  most  obedient  servant, 

John  Carr. 

Princess  Street,  Manchester, 
Nov.  4,  18C9. 

XLV.  On  the  Breeding  of  Fish,  and  the  Natural  History 
of  their  Generation. 

[Concluded  from  p.  272.] 

Extract  from  the  Hanover  Magazine,  No.  62,  August  5, 

1705. 

On  the  Breeding  of  Trout. 

i-N  the  23d  Number  of  this  Magazine,  of  the  year  1763, 
was  given  a  short  account  of  the  breeding  of  trouts  *:  as  we 
have  since  received  a  more  complete  natural  history  from  the 
inventor  himself,  we  hope  it  will  not  be  disagreeable  to 
our  readers  to  have  a  repetition  on  the  same  subject,  as  the 
discovery  really  deserves  some  attention.  The  fishery  of 
this  nimble  and  cautious  animal  is  carried  on  in  a  destruc- 
tive manner,  and  conmionly  at  the  spawning-time,  when 
root  and  branch  arc  destroyed  together.  But  now  we  enjoy 
the  pleasure  of  eating  trouts,  and  have  them  replaced  many 
hundred  fold,  and  have  the  spawn  secured  from  the  danger 
it  is  exposed  to  in  the  open  ponds.  If  the  system  of  the 
inventor  should  displfease,  it  must  be  considered  that  he 
does  not  mean  to  offer  a  new  theory  of  generation,  but 
a  method  of  producing  a  greater  number  of  fish  for  the 
table ;  which  last  may  be  obtained  without  knowing  the 
nature  of  the  first.  Something  similar  to  this  is  to  be  seen 
in  C,  F.  Lund's  Treatise  on  the  Generation  of  Fishes  in 
in-land  Seas  or  Lakes.  See  the  Memoirs  of  the  Swedish 
Academy  of  the  year   1761,  vol.  xxiii.  page  184." — We 

*  See  p.  26S  of  our  present  volume, 

now 
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jv3\v  proceed  to  give  the  inventor's  discovery  in  his  own 
words  : 

Sir, — As  I  observe  from  the  Literary  Mercury  of  Al- 
tnna.  No.  20,  1761,  that  the  Royal  Prussian  Society  of 
Sciences  have  taken  into  consideration  my  invention  of 
breedine:  trouts  and  salmon,  wherein  I  have  observed  that 
thsr  lecture  thereon  must  have  been  pronounced  on  an  indif- 
ferent and  partly  an  erroneous  system  ;  and  that  a  Northern 
Society  of  Sciences  has,  in  an  Essay  on  the  natural  Gene- 
ration of  Fishe<,  placed  that  which  I  had  observed,  after 
frequent  experiments,  among  the  desiderata; — at  Petcrs- 
bur^h  and  several  other  places  they  have  considered  this 
method  of  an  artificial  breeding  of  trout  and  salmon,  as  a 
false  chimcera.  I  am  aware  that  naturalists  are  frequently 
furnished  with  matter  to  search  for  further  discoveries  after 
iin  invention  is  made  public,  and  that  critical  examinations 
will  clear  up  an\'  doubtful  opinions  on  a  firm  basis  ;  I  have 
therefore  been  led  to  further  experiments,  to  find  out  the 
true  cau:<es  ;  and  how  duplicate  bodies,  in  the  human  as 
well  as  in  the  whole  animal  creation,  are  generated  ;  which, 
though  they  have  a  double  body,  yet  have  but  one  stomach. 
I  have  thought  it  a  duty  incumbent  on  me  to  lay  my  ob- 
servations on  this  subject,  as  well  as  on  others,  before  the 
public.  It  would  be  needless,  and  not  to  my  present  pur- 
pose, to  mention  every  trifling  experiment  which  I  made 
within  the  first  sixteen  years  before  my  conclusions  were 
drawn,  and  in  twenty-four  years  more  afterwards,  on  the  . 
artificial  increase  of  trouts  and  salmon.  Perhaps  I  may  be 
jndr.ced  hereafter  to  give  more  circumstantial  accounts  on 
this  subject. 

The  box,  or  trough,  or  w-ater-bed,  in  which  the  eggs 
animated  with  the  milt  or  sperm  of  the  male  trout  are  scat- 
tered, needs  no  particular  form  ;  yet  it  will  not  be  unne- 
cessary to  give  a  descripiion  how  my  own  are  made, 

§1. 

(l)  I  had  boxes  made  of  several  woods,  (but  T  found  oak 
-to  be  the  best,)  of  about  tv\elve  foot  long,  one  foot  and  a, 
half  wide,  and  six  decimal  inches  deep. 

(-2)  At  the  head  of  the  trough,  where  the  water  is  to  run 
in,  is  laid  a  thick  board  about  two  and  a  half  or  three  in- 
ches thick,  about  a  foot  wide,  and  as  long  as  the  trough  is 
widt;  J  in  the  middle  of  this  board  is  made  a  hole  six  inches 
long,  and  about  four  inches  w  ide  in  the  clear,  with  a  rabbet 
on  all  the  four  sides  of  this  hole  about  an  inch  and  a  half 
'.vide. and  deep,  so  as  to  admit  a  s'-juare  frame  with  an  aper- 
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tuTc  of  six  inches  bv  four  inches,  or  of  the  same  size  as 
the  hole;  which  frame  must  be  covered  with  a  brass  gra- 
ting (for  iron  will  rust)  of  a  modcrale  strength,  and  close 
enough  to  prevent  t'le  smallest  water-mouse  from  passing 
through  ;  otherwise  all  the  spawn  and  young  fry  will  be  in 
danger^jf  being  devoured  bv  them. 

(3)  Near  the  middle  of  this  box  or  trough  lay  another 
piece  of  thick  board  across,  as  long  as  the  width  of  the 
trouf!;h,  and  about  six  inches  or  more  wide  ;  which,  when 
nailed  upon  the  edges  of  the  side  pieces,  will  keep  them 
more  steady  and  firmer. 

(4)  Let  the  lower  end-board,  where  the  water  is  to  run 
off  again,  be  at  least  three  inches  thick,  as  the  greatest 
pressure  is  against  it ;  have  an  opening  cut  in  the  top  six 
inches  wide  and  ft)ur  inches  deep,  and  a  rabbet  made  ori 
the  outside  and  another  on  the  inside,  deep  enough  to  leave 
at  least  an  inch  thick  of  the  solid  board  in  the  middle,  and 
wide  enough  to  admit  a  frame  with  a  brass  wire  grate  like 
(2)  on  the  outside,  which  can  be  shoved  in  from  them  ; 
the  wires  should  not  be  above  a  Ime  and  a  half  asunder, 
like  those  at  the  top,  and  for  the  same  reason  men- 
tioned before.  Jn  the  inside,  opposite  this  opening,  shove  a 
bit  of  board  in  in  its  groove  downwards,  to  stem  the  water 
either  entirely,  or  to  regulate  its  running  off,  according  as 
you  find  it  nccessarv,  or  to  pull  it  entirely  out  when  the 
whole  of  the  water  is  to  run  off. 

(5)  There  must  be  two  strong  covers,  one  between  the 
two  cross  pieces  described  in  (?,  3),  and  the  other  below 
the  middle  cross-piece  quite  to  ihe  lower  end  (4);  both 
covers  must  be  fastened  behind  with  strong  hinges,  and 
before  with  handles  to  lift  them  conveniently  up  by  ;  and 
as  these  boards  are  apt  to  warp,  on  account  ot  the  water 
within  and  the  air  without,  it  is  requisite  to  have  each 
clamped  with  two  or  three  cross-pieces. 

(6)  If  you  think  fit  to  give  the  young  fi.>hes  more  air 
than  what  enters  at  the  two  brass  grates,  you  may  have  in 
each  cover  a  hole  made  of  the  same  size,  and  guarded  with 
a  brass  wire  grate,  as  (3),  and  for  the  same  reasons  :  I  have 
done  this  out  of  precaution,  but  have  found  it  in  the  end 
to  be  unnecessary. 

§TI. 
(l)  Spring-water  out  of  rocks  or  stony  grjund  is  the 
properest  for  breeding  trouts  or  salmon  ;  but  where  it  is 
pot  to  be  had,  any  other  spiing-water  n)ay  do,  provided 
the  current  is  strong  enougli  to  prevent  freezing  in  cold 
frosty  weather. 

■  (2)    If 
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(i')  If  the  spring  has  not  fall  enough,  you  must  raise  a 
dam  round  it,  one  or  two  feet  higher  than  the  top  of  your 
trough  ;  convey  the  water  from  thence  through  a  pipe  or 
gutter  to  the  first  grate  in  the  opening  on  the  head- part  of 
the  trough,  §  I.  (-2),  of  one  decimal  square  inch  diameter, 
and  determine  its  length  at  least  two  inches  above  the  frrate: 
the  remaining  water  from  the  spring  can  Ije  led  off  side- 
ways. If  you  wish  to  have  more  breedin2;-troughs  than 
one,  they  should  he  fixed  in  the  same  directions  as  tlie 
first;  and  a  larger  pipe  must  be  put  to  the  head  of  the 
spring,  which  must  empty  itself  into  smaller  pipes  laid 
across  the  water-trough,  so  that  each  trouoh  may  have  its 
proper  quantity  of  water  conveyed  into  it;  or  it  may  be 
managed  by  means  of  brass  cocks ;  but  this  is  left  to  the 
choice  of  every  one's  pleasure,  as  the  most  convenient  me- 
thod will  be  soon  found  out. 

(3)  After  the  box  or  trough  is  properly  finished,  it  must  be 
placed  horizontally  upon  two  legs  of  wood,  stone,  or  brick; 
and  within  upon  its  bottom  put  some  clean-washed  gravel 
level,  about  the  size  of  peas  and  beans,  two  inches  high; 
afterwards  sprinkle  some  coarser  gravel  or  pebbles  over  it, 
the  smallest  of  them  of  the  size  of  beans,  and  some  bifrger 
than  hazel-nuts.  Thiss  last  is  done,  that  upon  tlie  surface 
of  the  smaller  gravel  many  deep  holes  may  be  formed,  to 
prevent  the  continual  motion  of  the  water.from  carrying 
away  the  eggs,  it  being  necessary  that  thcv  should  remain 
where  thev  Vv'ere  at  first  sprinkled  in. 

(4)  Then  let  the  water  run  into  the  trough  as  directed 
hi  (9),  and  raise  it  higher  or  lower  according  to  the  in- 
structions in  §  I.  (4),  so  that  the  water  covers  the  jrravel 
always  one  or  two  inches.  This  being  done,  you  have  ac- 
complished all  that  is  necessary  to  the  apparatus  for  breed- 
ing trout  and  salmon. 

§111. 
(1)  The  time  of  spav/ning  begins  the  latter  end  of  No- 
vember, and  commonly  ends  the  latter  end  of  January  or 
beginning  of  February  ;  but  the  spawning-iinie  of  each 
trout  continues  only  about  eight  days,  as  the  eiigs  of  the 
female  and  sperm  of  the  male  i)ecome  in  soiTie  sooner,  in 
others  later,  ripe.  Trouts  meet  in  rivulets  in  great  numbers 
in  the  before- mentioned  months;  and  such  as  are  ready  for 
spawning  pitch  upon  a  place  where  there  is  Inrije  gravel,  and 
where  the  water  has  a  quick  curj-ent ;  there  they  push  and 
rub  their  bellies  against  the  siony  bottom,  and  So  violently 
that  they  often  make  great  holes  ;  and  by  means  of  this  mo- 
lion  both  male  and  female  get  rid  of  their  spa  An  and  sperm. 

X  4  As 
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As  a  single  tlrop  ot  sp>,rni  contains  vast  numbers  of  ani- 
malcules, sufiicicnt  to  animate  a  l)undutd  e^gs,  an:l  as  the 
water  is  loaded  at  this  time  wuh  the  sperm,  it  is  no  wonder 
that  almost  every  egg  becomes  a  (ish.  Every  egg  or  spawn  in 
the  Female  conies  to  its  pt^rlection  and  ripeness  on  the  ^ame 
day;  but  it  is  not  so  with  tlie  sperm  oi'  tlie  male,  {'jr  the 
white  roe  lies  like  a  solid  substance,  divided  m  two  paits  in 
its  body  close  to  the  back,  and  grows  gradually  liquid,  and 
dissolves  itscU"  into  a  creamy  fluid,  beginning  at  the  lower 
part,  and  discharges  about  the  sixili  part  of  each  division 
every  day  ;  so  that  wiihm  eight  days  all  the  sperm  becomes 
liquid  and  runs  off. 

§IV. 

(1)  To  Ireed  young  Tru2it. — Take  full-sized  trouls  out 
of  the  rivulets  in  December  and  January,  when  they  gather 
together  to  spawn:  as  in  some  rivulets  their  spawn  becomes 
later  ripe,  you  may,  in  the  latter  end  of  January,  let  part 
of  the  water  drain  off,  by  stemming  the  water  above,  that 
vou  may  lake  as  many  out  as  you  want.  If  after  gently 
stroking  their  bcHies  with  the  fingers  some  spawn  or  sperm 
goes  off,  it  is  a  sign  that  both  are  ripe,  and  those  must  b(? 
put  into  a  large  pail  or  tub  for  use. 

(2)  Tlien  take  a  wooden,  earthen,  or  copper  bowl,  put 
into  it  a  pint,  quart,  or  more  of  clear  water ;  take  out  of 
your  pail  one  fish  after  another,  stroke  it  with  the  hands  or 
fingers  hard  dou  nwards,  till  the  spav/n  discharges  into  the 
bowl  ;  you  need  not  fear  it  will  hurt  ihem,  for  they  can, 
without  daniier  to  them,  bear  great  pressing  :   then  rub  the 

^  belly  of  the  male  trout  in  the  same  manner,  till  some  of 
its  milt  discharges  into  the  waier  (a  little  is  sufficient), 
then  stir  the  whole  with  your  hands  so  as  to  mix  it  well, 
and  all  the  eeas  or  spawn  will  be  impregnated  ;  then  put  in 
more  clear  water  to  disperse  them  more  asunder:  after  the 
egss  are  impregnated  with  the  sperm,  they  are  apt  to  clog 
together,  which  hurts  them  in  the  end  ;  it  is  therefore 
necessarv  to  thin  them  with  more  water,  and  to  sprinkle 
thtm  into  the  breeding-trough  §  I.  (i). 

A  small  space  will  receive  a  great  .quantity  of  spawn,  yet 
they  must  not  lie  too  thick  ;  otherwise  when  they  touch 
each  other  loo  much,  they  will  get  in  a  \cvf  davs  into 
putrefaction,  and  appear  as  if  a  fine  downy  wool  was  spread 
over  them  ;  and  so  long  as  ihey  remain  in  this  stale  they 
are  unfit.  To  prevent  this,  take  a  ihin  slice  of  wood,  or  a 
paddle,  about  the  breadth  of  a  hand,  and  paddle  with  it 
backwards  and  for^virds,  on  the  spot  vvhere  the  spawn  lies 
too  thick,  to  spread  bv  this  motion  the  spawn  asunder. 

(3)    U 
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(3)  tt  will  be  necessary  to  repeat  this  manoeuvre  twice  a 
week,  or  at  least  once  a  week  ;  and  by  paddling  with  your 
wooden  slice  in  all  parts,  you  will  bring  the  water  upon  the 
egss  in  motion  ;  for  let  the  water  be  ever  so  clear,  there 
will  adhere  to  tne  eggs  in  a  few  days  a  subtil  filth,  which 
lavs  the  foundation  for  their  corruption,  even  when  the 
fish  is  alreadv  alive  in  the  egg  ;  therefore  it  is  necessary  to 
clear  them  by  this  gentle  means. 

(4)  After  the  cgss  have  been  about  three  weeks  in  this  slate, 
one  mav  perceive  through  their  hard  skin  a   divided  black 
spot,  which  are  the  eyes  of  the  young  tish  ;  the  bodv  is  100 
transparent   to   be  seen  with  the  naked  eye;  but  after  four 
weeks,  if  you  squeeze  one  of  the  egfjs  between  yourtinoers, 
you  will  see  the  ii»h  make  a  motion,  and  turn  withni,  tlien 
you  may  perceive  his  form.    At  last,  after  Ivine  five  weeks 
in   this  state,  and  under  a  continual   current  of  running 
water,    the  young   fishes    will    bore   their   heads   through 
the  shell  of  the   t^g:^ ;  and  by   moving  with  their  bodies 
will,  in  about  halt  an  hour,  free  themselves  entirtiv  horn 
the  shell,  with   the  yolk  of  the  mother  egg  hanguig  to 
their  bellies  like   a  small  bag.     When  they  are  out  ot  the 
ess',  thev   will   lie  still  in  the  cavities  betueen  the  gravel, 
and  have  then  the  appearances  as  if  the  head  of  a  pin  were 
fastened  to  a  reddish  field-pea,  on  account  of  these  hanging 
bags^  for  three  or  four  weeks  thev   receive   their  nourish- 
ment froiTJ  the  substance  contained  in  this  bagr,  till  hv  de- 
grees, as  the  fishes  grow  larger,  the  bags  disappear;  then 
tliey  begin   gradually   to  assume  tiie  shnpe  of  fishes,  and 
having  no  further  sustenance  from  this  bag,   they  will  seek 
for  food  themselves.     But  as  in  so  small  a  compass  as  this 
breeding- trough  there    cannot   be  a  sufficient  quantity   of 
small  insects   to  be  found   for  their  sustenance,  thev  seek 
for  room,  where  thev  mav  meet  with  them  in  greater  abun- 
dance ;  iliey  then  follow  the  current  or   the  water,  and  slip 
throuiih  the  brass  grate  at  the  end  of  the  box,  where  vou 
should  have  a  larger  wooden  box  like  a  brewer's  cooler,  or 
a  small   clean   fish-pond,  covered   with   gravel    to  receive 
them;  in  which  they  will  grow  in  about  six  months  con- 
siderably. 

§V. 

To  instruct  mv  readers  as  much  as  possible,  I  shall  add 

several  observations  of  the  formation  of  these  \oung  trouts. 

(i)   After  an  egg  has  been  impregnaud  by  the  sperm  of 

the  male  (which  is  through  an  invisible  opening  into  it),  it 

lodges  in  the  white  liquor  under  the  shell,  ana  round  the 

yolk. 
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yolk,  which  last  is  transparent,  tending  to  a  yellowish  co- 
lour, and  seems  to  till  up  the  greatest  space  in  the  egg, 
except  the  little  white  round  it. 

(2)  As  soon  as  this  little  animalcule  has  assumed  the  na- 
ture and  form  ot  a  fish,  it  appears  that  the  yolk  in  the  egg 
is  separated  by  a  most  exireme  thin  skin  from  the  outward 
hard  membrane. 

(3)  The  fish  itself,  except  the  eyes,  is  very  transparent, 
and   as  liquid  as  a  little  mucilaginous  water,  yet  in  shape 

.  longish  ;  it  lies  bent  within  the  outward  membrane  of^the 
egg,  nnd  round  the  thin  skin  that  covers  the  yolk  (2). 

(4)  from  this  time  the  fish  is  to  be  considered  as  one 
body  grown  to  the  yolk,  from  the  gilis  downward  to  the 
outlet,  which  is  in  length  about  a  quarter  part  of  the  in- 
ward circumference  of  the  egg.  This  yoik,  which  looks 
like  a  ba<r,  becomes  the  belly  of  the  fish  ;  but  is  extended 
at  first  above  fifty  times  the  size  of  its  natural  belly,  and 
without  entrails. 

(5)  On  this  expanded  belly,  expeciallv  from  the  salmon- 
trout,  are  plainly  to  be  seen  many  blood-vessels,  divided 
into  smaller  branches,  and  so  plain  that  the  arteries  may 
be  distintiuislied  from  the  veins  with  the  naked  eye;  and  it 
is  no  wonder,  for  as  il  has  been  mentioned  (4),  that  this 
hanging  belly  is  fifty  times  bigger  than  it  should  be  in  pro- 
portion to  the  size  of  the  fish,  so  the  blood-vessels  are  in 
proportion  expanded,  and  are  to  be  very  plainly  seen,  as 
long  as  the  ii<h.  reniains  in  a  state  of  transparency  like 
water. 

(6)  If  you  open  one  of  these  bags  with  a  needle,  a  liquid 
runs  out  of  a  yellowish  colour,  which  is  the  nutriment  of 
the  fish.  Then  the  bag  shrinks  in  like  an  empty  bladder, 
and  the  fish  dies.  After  the  fish  has  been  out  of  its  egg 
about  a  fortnight,  a  thin  skin  separates  from  the  inward 
coat  of  this  hanging  belly,  and  then  it  shrinks  so  much 
that  it  disappears  entirely.  Alter  the  belly  is  entirely  shrunk 
to  its  proportionable  size,  this  inward  skin  shrinks  likewise  ; 
and  because  the  intestines  begin  from  the  mouth,  it  forms 
a  passage  into  the  stomach,  and  continues  narrower  con- 
tracted and  formed  into  guts,  which  lay  one  over  another, 
termiiiatinrr  'it  the  outlet  in  the  holly.  It  is  further  to  be 
observed,  tliat  the  heads  of  thetrouts,  v\  hen  they  first  have 
the  shape  of  fish.es,  have  not  (he  usual  form;  they  look  as 
if  the  snout  was  chopped  off'  near  the  eyes  ;  but  as  their 
bellies  shrink,  the  heads  grow,  tlie  mouths  are  formed, 
and  in  about  three  weeks  the  heads  get  their  proper  shape. 

■  Lastly, 
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?^.astlv,  I  shall  make  a  few  additions,  which  flow  from  the 
Joriner  observations,  and  are  the  result  of  experiments 
which  I  have  no  inclination  to  publish  at  present. 

§VI. 

(1)  According  to  the  course  of  natnre,  no  Irouts  or  sal- 
mon are  jrenerated  in  ponds  or  standing  waters. 

(2)  They  cannot  be  bred  there  if  millions  of  prccrnant 
eags  were  put  into  theiii. 

(3)  The  young  trouts,  in  the  first  two  or  three  weeks, 
are  verv  tenacious  of  life ;  for  after  the  head  is  dead,  the 
body  will  live  two  days  before  they  are  quite  dead  :  this  rs 
to  be  understood  of  healthy  tish  kept  in  a  current  of  fresh 
streaming  water. 

(4)  Although  the  young  trouts  love  to  swim  with  the 
current,  within  six  weeks,  out  of  their  hreedinsf-trousrhs, 
§  IV.  (4),,  yet  they  can  he  kept  within  them  six  or  more 
weeks  longer  by  particular  manoeuvres. 

(5)  They  are  not  easiiv  to  be  caught,  on  account  of  their 
small  size  and  nimble  motion  ;  notwithstanding  ihev  niay 
be  collected  in  a  pail. 

(6)  They  may  then  be  put  into  a  proper  water,  or  can 
be  put  through  a  funnel  into  bottles,  and  carried  to  any 
part,  provided  the  water  do.  not  freeze. 

(7)  The  ripe  eggs  of  a  trout,  after  they  are  four  or  five 
flays  appareiitlv  dead,  and  cone  into  a  kind  of  putrefaction 
so  that  the  stench  is  intolerable,  may  yet  be  recovered,  and 
bred  into  fishes. 

(S)  The  eggs  of  the  trout  will  not  produce  fishes  so  long 
as  thev  reniam  connected  with  the  e>rg  stock. 

(9)  The  natural  causes  why  a  hen  brings  a  live  chicken 
into  the  world  may  very  easily  be  accounted  for  from  the 
observations  I  have  made  in  the  breedins:  of  trout. 

(10)  The  natural-disposition  of  the  animalculse  of  the 
sperm  which  enters  the  egg  may  be  corisiderably  mcreased. 

(11)  1  have  made  manv  experiments,  in  which  I  have 
found  that  two  animalculae  h:id  slipL  into  the  eeg,  and  that 
double  fishes  have  been  eenerated  ;  althouoh  thev  had  two 
bodies,  thev  had  but  one  common  stomach  :  how  this  hap- 
pens, see  §  V.  (1). 

(15)  Of  these  monstrous  productions,  the  most  of  them 
were  opposite  lo  one  another,  and  had  their  stomach  in 
common  between  them  ;.  vet  in  a  strici  sense  the  stomach 
onlv,  the  rest  of  the  guts  divided  in  about  three  weeks 
separate!  V. 

(13)  Some  of  these  double  fishes  were  fixed   by  their 

sidfg 
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sides  together;  and  this  happens  when  two  animalculos  of 
the  sperm  enter  the  egg  in  a  dinfct  line,  90  degrees  from 
one  another. 

(14)  I  have  seen  only  one  of  these  douhle  fishes,  where 
the  backs  were  across  nearest  the  tail  in  a  direct  ancle,  so 
that  this  fish  formed  a  kind  of  a  cross.  This  happens  when 
two  aninialcLdae  enter  one  ego;,  and  are  placed  opposite  each 

'Other  from  their  dnect  line  to  90  degrees.  These  monsters 
(12,  13)  were  grown  together  from  the  head  to  the  opening 
of  the  belly,  and  that  (14)  had  in  son)ci  degree  a  joint 
body;  but.  the  backs  were  distinguished  one  from  an- 
other. 

(15)  All  these  kinds  of  monstrous  productions  die  ia 
four  or  ^WG  weeks  aher  their  common  ba<x,  or  beliv,  is  emp- 
tied ;  for  as  each  liead  endeavours  to  follow  its  own  direc- 
tion in  pursuit  of  food,  and  both  hinder  each  other,  nei- 
ther of  them  is  capable  to  perforni  its  intention  ;  so  it  is 
impossible  that  either  head  can  receive  its  proper  nourish- 
ment, therefore  they  both  must  starve, 

(16)  AW  monstrous  productions  in  the  human  and  other 
animal  creations,  which  have  a  joint  stomach,  are  produced 
when  an  eng  is  in)prcgnated  by  more  than  one  spermatic 
animalcula. 

(17)  All  observations  made  on  the  trout,  and  its  artificial 
pnethod  of  breeding,  hold  good  with  regard  to  salmon. 

Signed,  S.  L.  Jacobi. 

Directions  for  Breeding  Sahnon,  Trout,  Cray-Fish,  ^c. 

Neither  the  form  nor  any  particular  kind  of  materials 
are  essential  for  the  troughs  ;  but  the  following  seem  to  be 
most  eligible  :  oak  of  two  inches  thick,  twelve  feet  long, 
one  foot  ten  inches  wide,  and  thirteen  inches  deep  on  the 
outside  ;  the  top  divided  into  four  parts. 

Spring-water  out  of  rocks  or  stony  ground  is  the  pro- 
percst  for  breeding  irouts  and  salmon  -,  but  where  it  is  not 
to  be  had,  any  other  spring  will  do,  provided  the  current  is 
stronc; enough  to  prevent  its  freezmg  in  hard  frosty" weather. 
]f  the  spring  has  not  fall  enough,  you  must  raise  a  dam 
round  it,  at  least  a  foot  higher  then  the  top  of  your  trough  ; 
convey  the  water  from  thctiee  through  a  pipe  or  gutter  to 
the  first  grate  in  the  opening  qu  the  head  of  the  trough 
of  an  inch  and  half  diameter,  and  let  the  fall  from  the  grate 
from  the  end  of  the  pipe  or  gutter  be  two  or  three  inches  ; 
the  remaining  water  of  the  spring  can  be  drawn  off  side- 
wavs.  If  vou  are  inclined  to  erect  several  troughs,  you 
may  either  put  tht-m  by  the  side  of  one  another,  or  at  the 

end. 
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end,  as  your  quantity  of  water  or  the  fa']  admit.  P!ace 
the  trouiihs  horizontally  upon  legs  oF  wood,  stone,  or  brick  j 
on  the  bottom  of  this  trough  put  some  clear  washed  peboles 
about  the  size  of  peas  two  inches  thick;  then  sprinkle  over 
them  sonie  few  laroer  of  the  size  of  small  walnuts:  this 
last  is  done  to  form  recesses^  to  prevent  the  continual  mo- 
tion of  the  water  from  carrymg  awav  the  eggs. 

Take  care  that  the  water  which  runs  in  and  discharges 
itself  always  covers  the  gravel  at  least  two  inches.  To 
breed  voung  trout,  you  must  take  some  out  the  latter  end 
of  December  or  the  beginning  t)f  January,  when  they 
meet  to  spawn :  if  by  strokijig  their  bellies  with  our  fingers 
some  spawn  comes  out,  it  is  a  sign  they  are  ripe,  and 
these  fish  may  be  put  into  a  tub  for  use. 

Take  a  bowl  and  put  a  quart  of  water  into  it,  then  take 
out  your  fishes  one  after  another,  stroke  them  with  your 
hand  or  fingers  hard  downwards,  till  the  spawn  discharges 
into  the  bowl ;  you  need  not  fear  it  will  hurt  them,  for  they 
can  without  danger  bear  great  pressing :  then  rub  the  belly 
of  the  male  in  the  same  manner,  till  some  of  its  milt  dis- 
charges into  the  water ;  a  little  is  sufficient  ;  then  stir  the 
whole  with  your  hand  so  as  to  mix  it  well,  and  all  the 
eggs  or  spawn  will  be  impreenatcd  ;  then  mix  more  clear 
water  to  them  to  disperse  them  more  asunder,  which  you 
must  be  caretul  to  do,  for  tiiey  are  apt  to  clog  together  after 
they  are  impregnated,  and  will  not  hatch  if  thev  are  thick 
together;  but  on  the  contrary  will'tend  to  putrefacition, 
and  e;et  a  kind  of  woolly  appearance,  which  must  be  re- 
medied by  stopping  the  end  where  the  water  runs  out  till 
it  is  an  inch  or  two  fuller,  and  then  with  a  hand  or  paddle 
shake  violently,  which  will  divide  ihcm,  and  prevent  the 
mud  which  settles  on  them  from  destroying  them,  and  this 
must  be  repeated  twice  a  week  ;  but  if  the  spawn  is  not  too 
thick  it  need  not  be  dnne  so  violently.  They  adl  hatch 
in  about  five  weeks;  and  in  about  the  same  tinie  you  may 
pull  out  the  grate  and  slider,  and  let  them  all  out,  either 
in  a  small  bason  covered  with  pebbles  through  which  the 
stream  passes,  or  into  the  waters  at  large.  The  same  rules 
hold  for  the  salmon  ;  but  the  sperm  and  spawn  may  be 
procured  equally  efficacious  by  cutting  open  the  fish,  and 
taking  oiit  the  spawn  and  male  sperm. 

Small  wicker  conps  must  be  made  with  twig?;,  sufficiently 
close  to  prevent  the  cray-fish  from  getting  out,  and  put 
into  the  troughs  with  cray-fish  in  them,  wlren  full  of 
spawn  ;  and  slices  of  carrots  pal  in  for  them  to  feed  on. 

XLVi.  On 
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XLVr.     On  some  Pka^nomena  uh'wh    take  place    in    the 
Formal  ion  of  SuLlpetre.     By  M.  LoN  gch  a  m  p  * . 

.  JLn'  chemistry  there  are  severa!  theories  A\h;ch  reason  avous, 
but  which  expcricp.ce  cannot  aUvavs  confirui.  The  tb  -ory 
which  I  am  about  to  give  of  certain  phaenoiTiena  that  lake 
place  in  the  foririation  of  saltpetre,  is  supported  by  facts' 
known  to  every  cheiuist,  an<!  confirmed  i)v  u  creat  nuniber 
of  experiments,  all -of  which  have  been  published  b".  such 
respectable  authorities,  and  are  in  themsc^Vi  >  so  co)tSonant 
with  our  chemical  doctrine,  that  scarcely  any  objection  can 
be  offered  against  ttieni. 

When  we  reflect  on  the  formation  of  saUpetrc,  and  on 
the  formation  of  nitrates  in  general,  we  ought  to  be  much 
surprised  at  the  difficulties  experienced  in  our  own  and 
other  northern  climates  in  the  manufacture  of  saltpetre  ; 
while  in  other  countries,  and  particularlv  Spain  and  India, 
the  nitrate  is  produced  on  the  surface  of  the  ground,  al- 
though the  inltabiiants  contribiue  no  manual  labour  what- 
ever to  its  formation. 

We  must  seek,  therefore,  for  the  cause  of  thi'?  phreno- 
menon  in  the  nature  of  the  climate  ;  and  we  shiall  support 
this  assertion  bv  experiments  and  weli-ascertained  facts.' 

In  India  and  Spain  when  the  rainy  season  is  at  an  end 
the  atmosphere  becomes  dry,  and  continues  so  durinu;  a 
great  part  of  the  year;  while  in  the  North  it  is  always  hu- 
mid, except  when  the  cold  is  so  severe  as  to  precipitate  part 
of  the  water  uhjch  it  holds  in  solution.  But  as  th,e  d'yness 
of  the  southern  lientisphere  has  a  difTcrent  oriijin  from 
that  of  the  northern,  the  ph.aenotiiena  are  also  verv  diffe- 
rent. In  fact,  the  atmosphere  being  verv  warm  seeks  every 
where  for  water  to  dissolve,  and  sucks  it,  as  it  were,  from 
the  bowels  of  the  earth  •,  but  this  water  coming  to  the  sur- 
face of  the  soil,  brings  with  it  the  nitre  which  it  held  in 
solution,  and  deposits  it  to  be  combined  with  the  air.  In 
the  North,  on  the  contrary,  not  onlv  is  the  air  cold,  but  the 
ground  also  :  there  is  no  evaporation,  and  the  water  re- 
mains in  its  bowels  J  and  when,  in  siunmer,  the  dryness 
occasioned  by  the  heat  tends  to  bring  the  water  to  the 
surface  of  the  earth,  and  brings  the  nitre  which  it  held  in 
solution,  fresh  rains  succeed  and  carry  it  down  again  to  a 
certain  depth. 

In  this  way  we  can  easily  explain  vvhv  the  nitre  which 
we  find  in  the  earths  of  India  and  Spain  presents  itself  at 

♦  From  Journal  &  Physique,  Aui^ust  ISO'J. 

the 
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the  surface  of  the  ground,  while  in  our  own  climate   we 
cannot  collect  it,  if  it  exists  there  at  all  times. 

But  it  may  be  asked,  Does  nitre  exist  in  our  soil  ?  This 
cannot  be  doubted  for  a  moment,  since  we  extract  it  from 
several  plants,  such  as  lettuce,  onions,  turnips,  &c.,  par- 
ticularly turnsole.  Now  it  has  been  clearly  established 
that  it  is  not  formed  by  the  act  of  vegetation,  but  rather 
that  it  existed  ready  formed  in  the  soils  in  which  these 
plants  have  been  cultivated*. 

It  remains  therefore  to  explain  how  the  nitre  is  foiined 
in  the  bowels  of  the  earth.  Is  it  to  ihe  decomposition  of 
animal  and  vegetable  substances  that  the  formation  of  ni- 
trates is  owing?  Without  doubt  nitric  acid  is  formed  in 
this  decomposition,  and  consequently  nitrates,  since  there' 
are  salifiable  bases  for  saturatuig  this  acid:  but  I  do  not 
think  that  this  is  the  principal  cause  of  the  formation  of  the 
nitre;  {'or,  in  fact,  we  know  extremely  well  that  the  nitric 
acid  in  artificial  saltpetre  works  is  produced  very  slowly, 
and  cannot  be  formed  except  in  a  humid  and  stagnant  at- 
mosphere, at  a  tenipcrature  always  uniform  and  rather  low. 
Now  not  one  of  these  conditions  is  ftiifiiled  either  in  Spain 
or  the  East  Indies.  We  cannot  therefore  attribute  to  the 
deconiposition  of  animal  and  vegetable  substances  the 
formation  of  nitre  in  the  bowels  of  the  earth  ;  or  at  least  it  is 
but  a  very  trifling  cause  compared  to  the  effects. 

Does  nitre  exist  re;tdy  formed  in  the  bowels  of  the  earth, 
as  we  fnid  the  sulphates,  carbonates,  borates,  muriate  of 
soda,  &c.  ?  This  has  not  been  hitherto  proved  by  any  one 
factf;  and  even  if  it  be  found  in  mines,  does  it  follow  that 
this  salt  must  be  diffused  over  the  whole  surface  of  th& 
globe?  Sea  salt,  however,  which  is  so  abundant  in  nature, 
is  not  to  be  seen  efHorescing  on  the  high  roads  in  Spain. 

Nitre  not  being  the  result  of  the  decomposition  of  ani- 
mal and  vegetable  substances,  nor  being  a  natural  produc- 
tion, we  ought  to  seek  its  origin  in  the  atmosphere;  and 
this  will  be  very  easy  to  find. 

The  rains  which   fall  in   the  Indies   and  Spain  are  fre- 

*  Rerueil  de  Memoires  sur  la  Salpetre,  published  by  the  Acadeinie  des 
Scieiires. 

f  A  letter  from  M.  Dolomieu  in  the  Memoirs  above  quoted,  speaks  of  a 
mine  of  saltpetre  found  at  Latera  in  the  kingdom  of  Naples.  This  mine, 
according:  to  the  report  made  to  him,  was  so  considerable,  that  cliC  cavity 
alone  contained  m.ore  than  50,000  quintals  of  pure  saltpetre  ;  and  as  it  con- 
tained a  great  number  of  these  cavities,  it  may  be  regarded  as  inexhaustible. 
This  fact,  not  having  lieen  recorded  iu  other  works,  particularly  in  those  of 
Fourcroy  aad  Hauy,  I  preaume  must  have  been  very  inaccurate. 

quently 
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qucnily  preceded  and  accompanied  by  loud  explosions  oc- 
casioned l)y  thunder,  while  those  which  fall  in  the  northcta 
regions  do  not  present  the  same  phn^nonienon.  But  wc 
know  very  well  that  thunder  is  caused  by  the  approxiniaiion 
oF  clouds,  son)e  of  them  being  affected  with  positive  or 
vitreous  elcctrici.ly>  and  others  with  negative  or  resinous 
electricity  *.  Now  we  also  know  that  when  we  pass  a  cer- 
tain quantity  of  electrical  sparks  through  a  mixture  of 
azotic  and  oxvfjen  gas,  nitric  acid  is  formed  :  therefore 
when  the  same  phaenomenon  takes  place  in  the  air  and  in 
our  laboratories,  the  same  results  ought  to  take  place;  and 
this  is  w  hat  actually  happens  :  for  it  has  been  clearly  proved 
bv  Margraf,  and  subsequently  by  several  other  chemists, 
that  all  rain  water  contains  nitric  acid.  The  stronger  the 
detonation,  the  greater  quantity  of  this  acid  is  formed  :  in 
Spain  and  India,  therefore,  where  the  thunder  is  more  IVe- 
quent  in  rainy  weather,  and  where  the  detonations  are  also 
stronger  than  in  northern  regions,  of  course  more  nitric 
acid  is  produced  in  the  former  than  in  the  latter  regions. 

Bv  this  formation  of  nitric  acid  in  the  air,  niay  we  not 
explain  a  part  of  the  phenomena  which  we  observe  iu 
storms?  I  shall  exannne  therefore  the  theory  which  some 
naturalists  have  given  on  the  subject.  M.  de  Saussure 
thinks  that  the  electric  fluid  exists  in  the  higher  regions; 
that  it  every  where  tends  to  find  an  equilibrium  ;  and  that 
our-globe,  being  frequently  deprived  of  it  by  some  given 
causes  of  dLStruciion,  recovers  it  in  the  higher  regions, 
where  the  rarefaction  of  the  air  admits  of  its  existing  more 
easily  than  in  oiu-  atmosphere.  From  this  he  conceives 
a  part  of  the  earth  to  be  sufficiently  healed  to  reduce  into 
vapour  a  part  of  the  water  on  its  surface:  this  vapour,  com- 
municating caloric  to  the  air  which  surrounds  it,  renders  it 
thinner  and  forces  it  to  ascend.  In  this  way  there  is  a  ver- 
tical wind  established  which  carries  the  heat  into  the  upper 
strata  of  the  air,  and  renders  them  susceptible  of  dissolving 
the  vapours  which  it  carries  along  with  it.  The  air  being 
in  no  respect  cold  enough  for  condensing  them,  they  are 
diffused  nearly  uniformly  into  the  mass  of  a  very  high  ver- 
tical column.  But  the  snjall  inequalities  which  exist  in 
this  mass,  and  the  agitation  given  to  the  air  by  the  vertical 
wind  which  carries  it  along  with  it,  diminishes  the  trans- 
parency of  the  column,  which  thereby  becomes  susceptible 
of  being  more  strongly  heated  by  the  rays  of  the  sun ;  this 

*  I  have  indiscriminately  used  the  expressions  vitreous  or  prsitive,  because 
both  livpotheses  explain  equally  well  thee  kinds  of  phaenomena. 
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neat  rendering  the  mass  lighter,  forces  it  to  rise  higher  and 
higher,  and  to  attain  the  regions  where  the  rarefaction  of 
the  air  gives  to  the  electric  fluid  the  hberly  of  moving  up 
and  down  in  the  cohinin. 

If  M.  Sansaure  succeeds  by  this  reasoning  in  accounting 
for  the  loud  dt-tonations  which  we  then  hear,  it  does  not 
appear  to  me  that  it  explains  the  causes  of  the  formation  of 
water,  oroftheoiher  aqueous  substances  which  are  precipi- 
tated. May  we  not  be  allowed  tn  suppose  that  the  positive 
or  vitreous  fiuid  and  the  negative  or  resinous  fluid,  being 
brought  inio  contact  by  means  of  the  column  of  vapours, 
leflxct  the  formation  of  the  nitric  acid;  and  that  the  water 
held  in  solution  bv  ihe  azotic  and  oxygen  gas,  being  set  free 
by  their  combination,  occasions  the  phaenomena  which  we 
observe  in  these  circumstances  ? 

But  if  this  formation  of  the  nitric  acid  in  the  air  were 
doubtful,  I  could  >upport  it  by  a  phenomenon  generally 
known,  but  which  has  not  yet  received  a  satisfactory  ex- 
planation ;  whereas,  according  to  my  theory,  it  is  a  fact 
perfectly  natural >  and  which,  I  must  also  add,  has»  even 
Served  as  the  basis  cif  all  my  reasoning. 

We  cannot  conceive  how  the  nitrate  of  potash  comes  to 
be  formed  under  the.  tilis  of  a  roof,  since  this  fact  is  in 
contradiction  with  everv  thing  that  we  know  on  the  subject 
of  the  nitrates;  for,  as  I  have  said,  the  nitric  acid  is  only 
iormed,  in  our  climate,  in  places  where  the  air  is  stagnant, 
and  even  when  this  temperauire  does  not  generally  exceed 
that  of  our  globe*.  Now  in  a  granary  the  air  is  not  stag- 
nant, and  is  never  at  the  same  temperature,  since  it  varies 
annually  from  —  lo"  to  +  20'  (=  ^-  lS"to  G8°of  Fahr.)  : 
we  must  therefore  seek  i'or  the  cause  of  this  piiEenomenon 
in  other  principles  than  those  adopted  by  the  chen)ists  to 
account  tor  the  fonnation  ;jf  saltpetre. 

Havmg  reflected  on  th*^  Ioul':  continuance  of  snow  on  the 
roofs  of  houses,  and  knowing  also  that  this  substance  con- 
tains a  considerable  quantity  of  nitric  acid,  I  cannot  help 
thinking  that  this  is  the  sole  cause  of  the  pheeuomenon. 
In  short,  the  lilts  under  the  above  circumstances  perform 
the  same  office  vith  the  earths  "f  India  ami  Spain  :  the  part 
wdiich  is  ii.oici.e  the  jrrauarv,  beinvr  alwavs  drv,  absorbs  the 
nitrated  wrtc;  foupid  in  its  interior;  and  this  water,  being 
dissolved  by  the  ambient  air;,  deposits  the  nitre  on  the  sur- 
face of  this  tile,  as  it  deposits  it  on  the  surface  of  the  soil 
of  warm  countries.     Thus  in  winter  it  is  the  nitric  acid  of 

*  Reriieil  de  Memoiies  sur  le  Sali)e!re. 
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the  snow  which  is  conibinerl  wiih  the  salifiable  bases  of  the 
tile;  in  suiumer  the  fbiiner  is  brouuht  bv  the  rains. 

If  it  be  easy,  from  the  above  theorv,  to  explain  how  the 
nitric  acid  conies  to  be  found  in  the  earth  of  India  and 
S^)ain,  as  well  as  in  the  tiles  of  the  roof,  it  gives  us  no  as- 
sistance in  explaining  why  nitrate  of  potash  is  found  there 
in  preference  to  nitrates  of  lime  and  of  alumine,"  since  tiles 
are  made  of  these  salifiable  bases  ;  and  without  doubt  they 
help  to  form  the  soils  of  Spain  and  India,  while  no  potash 
at  all  enters -into  their  composition.  My  object  was  to 
point  out  the  oriiiin  of  the  nitric  acid  in  most  saltpetre 
substances,  and  not  that  of  potash:  I  shall  merely  add,  for 
the  sake  of  those  who  ask  reasons  for  every  thing  because 
they  wish  to  account  for  every  thing,  that  it  is  a  fact  af 
observation,  namely,  that  the  same  materials  which  are 
applied  to  the  formation  of  nitrates,  when  exposed  to  a 
damp  and  stagnant  air,  yield  nothing  for  the  most  part  but 
nitrate  of  lime;  whereas,  when  they  are  exposed  to  a  dry 
and  agitated  air,  they  yield  almost  nothing  but  nitrate  of 
potash  *. 

It  is  not  enough  to  establish  a  theory,  we  must  also  ren- 
der it  as  useful  as  possible;  and  for  this  reason  I  have  pub- 
lished this  paper. 

The  most  direct  application  that  can  be  made  of  these 
hints  is  without  doubt  the  manufacture  of  saltpetre.  In 
fact,  there  are  about  three  n)illions  of  pounds  of  saltpetre 
made  annually  ;  and  for  this  it  requires  at  least  79S  mil- 
lions of  saltpetre  materials,  since  I  estimate  about  six 
ounces  as  being  the  produce  of  each  cwt.  of  materials.  At 
least  an  equal  quantity  of  water  is  used  in  lixiviating  these 
materials;  and  if  we  admit  that  there  is  only  O'OOOl  of  ni- 
tric acid  in  this  water,  it  follows  that  it  would  give  as  the 
result  79jSOO  pounds  of  acid;  which,  adopting  the  propor- 
tions given  by  Berthollet  for  the  component  parts  of  nitrate 
of  potash,  would  give  lC4,i30  pounds  of  this  salt. 

Rain  and  snow  water  may  therefore  be  advantageously 
employed,  not  only  in  lixiviating  saltpetre  substances,  but 
for  watering  artificial  nitre-works,  and  by  this  means  the 
produce  will  be  greatly  increased. 

*  Recueilfie  Manbires  sur  le  SalpHre. 
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XLVII.  Neiv  analytical  Researches  on  the  Kature  of  certain 
Bodies,  Leimr  an  Appendix  to  the  Bakerian  Lecture  for 
1808.  Bij  Humphry  Davy,  Esq.  Sec.  R.S.,  Prof. 
Chem.  R.  /.  * 

1.  Further  Inquiries  on  the  Action  of  Potassium   on 
Ammonia,  and  on  the  Analysis  of  Ammonia  f. 

J-  HE  most  remarkable  circumstances  occurring  in  the  ac- 
tion of  potassium  upon  ammonia  are  the  disappearance  of 
a  certain  quantity  of  nitrogen,  and  the  conversion  of  a  part 
of  the  potassium  into  potash. 

The  first  query  which  1  advanced  in  the  last  Bakerian 
Lecture,  on  this  obscure  and  difticult  subject,  was  whether 
the  gas  developed  in  the  first  part  of  the  process  of  the  ab- 
sorption of  ammonia  by  potassium  is  hydrogen,  or  a  new 
species  of  inflammable  aeriform  substance,  the  basis  of  ni- 
trogen ? 

Experiments  made  to  determine  this  point  have  proved, 
as  I  expected,  that  the  gas  differs  in  no  respect  from  that 
given  out  during  the  solution  of  zinc  in  sulphuric  acid  ;  or 
that  produced  during  the  action  of  potassium  on  water.  By 
slow  combustion  with  oxvgen,  it  ffcnerates  pure  water  only, 
and  its  weight,  iii  a  case  in  which  it  was  mixed  with  at- 
mospherical air,  precisely  corresponded  with  that  of  an 
equal  quantity  of  hydrogen. 

Another  query  which  I  put  is.  Has  nitrogen  a  metallic 
basis  which  alloys  with  the  metals  employed  in  the  experi- 
ment ? 

This  query  I  cannot  answer  in  so  distinct  a  manner;  but 
such  results  as  I  have,  been  able  to  obtain  are  negative. 

I  have  exau)ined  the  potassium  generated  in  the  process. 
Tt  has  precisely  the  same  properties  as  potassium  produced 
in  the  common  experiment  of  the  gun-barrel ;  and  gives 
the  same  results  by  combustion  in  oxygen,  and  by  the 
action  of  water. 

In  cases  in  which  I  had  distilled  the  olive-coloured  fu- 
sible substance  in  an  iron  tray,  the  surfac;:e  of  the  tray  ap- 
peared inuch  corroded,  the  metal  was  brittle,  and  appeared 

*  From  Philosophical  Transactions  for  1809,  Part  II. 

f  The  account  of  the  principal  facts  respecting  the  action  of  potassium  on 
ammonia,  in  this  communication,  were  read  before  the  Royal  Society, 
Februarys,  1809.  The  paper  was  ordered  to  be  printed  March  16,  1809. 
At  that  time,  having  stated  to  the  council  that  I  had  since  made  some  new 
experiments  on  this  matter,  and  on  the  subjects  discussed  in  the  Bakerian 
Lecture  for  1808,  I  received  permission  to  add  them  to  the  detail  of  the 
former  observations  for  publication. 

Y  2  crystallized. 
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crystallized.     I  made  a  solution  of  it  in  muriatic  acid;  but 

hydrogen  alone  was  evolved. 

I  distilled  a  quantity  of  the  fusible  substance   from  nine 

ffrains  of  potassium  in  an  iron  vessel,  which  communicated 
& .  ,  f^ .  ...  '     .        ,j  J 

u'lth  a  receiver  contamuig  about  100  grams  or  mercury,  and 

by  a  narrow  glass  tube  the  gas  generated  was  made  to  pass 
through  the  mercury  ;  the  object  of  this  process  was  to  de- 
tect if  any  of  the  same  substance  as  that  existing  in  the 
amalgam  from  ammonia  was  formed  ;  but  during  the  whole 
period  of  distillation  the  mercury  remained  unaltered  in  its 
appearance,  and  did  not  eficrvesce  in  the  slightest  degree 
when  thrown  into  water. 

That  the  nitrogen  which  disappears  in  this  experiment  is 
absolutely  converted  into  oxvgen  and  hydrogen,  and  that 
its  elements  are  capable  of  being  furnished  from  water,  is  a 
conclusion  of  such  importance,  and  so  unsupported  by  the 
general  order  of  chemical  tacts,  that  it  ought  not  to  be  ad- 
n)ittcd,  except  upon  the  most  rigid  and  evident  experi- 
mental proofs. 

I  have  repeated  the  experiment  of  the  absorption  of  am- 
monia by  polassiun)  in  trays  of  plaiina  or  iron,  and  its  di- 
stillation in  tubes  of  iron,  more  tlian  twenty  times,  and  often 
in  the  presence  of  some  of  the  most  distinguished  chemists 
in  this  country,  from  whose  acuteness  of  observation  I 
hoped  no  source  of  error  could  escape. 

The  results,  though  not  perfectly  uniform,  have  all  been 
of  the  same  kind  as  those  described  in  page  55*.  Six  grains 
of  potassium,  the  quantity  constantly  used,  always  caused 
the  disappearance  of  from  10  to  li"5  cubical  inches  of  well 
dried  ammonia.  From  5*5  to  6  cubical  inches -of  hydrogen 
were  produced,  a  quantity  always  inferior  to  that  evolved 
bv  the  action  of  an  equal  portion  of  the  metal  upon  water. 
In  the  distillation  fronj  11  to  17  cubical  inches  of  elastic 
fluid  were  evolved,  and  from  1*5  to  2*5  grains  of  potassium 
regenerated. 

The  quantity  of  ammonia  in  the  products,  varied  from  a 
portion  that  was,  scarcely  perceptible  to  one-twelfth  or  one- 
thirteenth  of  the  whole  volume  of  elastic  fluid ;  and  it  was 
least  in  those  cases  in  which  the  absence  of  moisture  was 
most  perfectly  guarded  against.  Under  these  circumstances 
likewise,  moie  potassium  was  revived;  and  the  nnabsorb- 
able  elastic  fluid,  and  particularly  the  hydrogen,  in  smaller 
proportion. 

When  ihe  products  of  distillation    were  collected  at  dif- 
fcrent  periods,  it  was  uniformly  found  that  the  proportion 
*  Page  9  of  our  present  volume. 
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•of  nitrogen  to   the  liydrogen  dimmished  as  the  process  ad- 
vanced. 

The  iirst  portions  contained  considerably  ir^ore  nitrogen 
in  proportion,  than  the  gases  evolved  during  \hc  electriza- 
tion ofaniraonia,  and  th.e  last  portions  lets. 

I  shall  give  the  results  of  an  experiment,  in  which  the 
gases  produced  in  distillation  were  Cv)llected  in  tour  difTertnt 
vessels,  and  in  which  every  precauiion  w  as  taken  to  avoid 
sources  of  inaccuracy. 

The  barometer  was  at  29*8,  thermometer  65°  Fahrenheit. 

Six  grains  ot'  potassium  absorbed  12  cubic  inches  of  well 
xlried  ammonia.  The  metal  was  heated  in  a  tray  of  platina, 
and  the  gas  contained  in  a  retort  of  plate  glass. 

5'8  cubical  inches  of  hydrogen  were  produced. 

The  fusible  substance  was  distilled  in  an  iron  tube  of  the 
capacity  of  3  cubical  inches  and  half  filled  with  hydrogen, 
the  adaptors  connected  with  the  mercurial  apparatus  coin- 
tained  '8  of  common  air. 

The  first  portion  of  gas  collected  (the  heat  being  very 
slowly  raised,  and  long  before  it  had  rendered  the  Vessel 
red,)  equalled  7'3  cubical  inches.  It  contained  '6  of  ami 
monia.  7  of  the  resitluum,  cietonated  with  4\  of  oxvi-cn  gas, 
left  a  residuum  of  4. 

The  second  portion,  equal  to  3  cubical  inches,  cnntaioed 
no  ammonia.  7"^  measures  of  it,  detonated  uith  3' 8  of 
oxvgeu,  left  a  residuum  of  3*5. 

I'he  third  portion  was  equal  to  5  cubical  inches ;  at  this 
time  the  tube  was  white  hot;  it  contained  no  amnioniaj 
S-5  of  it-dttjonated,  with  4*5  of  f)xygen,  diminii^hed  lo  ?'5. 

The  last  portion  was  a  cubical  inch  and  half,  collected 
when  the  heat  was  most  intei>5e.  4'b  m-viasured,  wuii  ^'75 
of  oxygen,  lefj  a  residuum  of  2-8. 

The  iron  tube  contained,  after  the  experiment,  (as  wa^ 
ascertained  bv  admitting  hvdrotien  when  it  was  cool,)  3'7 
of  gas;  which  seemed  of  the  same  composition  as  the  la»t 
portion.     The  adaptors  must  have  comainf.d  "8  of  a  similar 

The  tube  contained  potash  in  its  lowest  part,  and  in  hi 
Upper  part  potassium,  which  gave  by  iis  action  upon  water 
1^  cubical  inch  of  hvdrogen. 

As  the  largest  quantity  of  hydrogen  is  always  produced 
at  that  period  of  the  process  in  which  ihe  polassuim  niu>t 
be  conceived  to  be  regenerated,  aod  in  which  the  gases 
being  in  the  nascent  state,  its  power  of  action  upon  them 
would  be  greatest,  it  occurred  to  me,  that  if  nitrogen  was 
decomposed  in  the  operation,  there  would  probably  be  a 

Y  3  largt-r 
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larger  quantity  of  It  destroyed  by  the  distillation  of  the  fu-r 
sible  substance,  with  a  fresh  quantity  of  potassium,  than 
by  the  dis'illation  of  It  in  its  conmtion  state.  On  this  idea 
J  made  several  experiments  :  the  results  did  not  differ  much 
from  each  other,  and  were  such  as  I  had  expected.  I  shall 
describe  one  process  made  with  the  same  apparatus  as  that 
which  I  have  just  detailed. — Barometer  was  at  2\)'bj  ther- 
mometer 70'  Fahrenheit. 

Six  grains  of  potassium  were  employed  In  an  Iron  trayj 
10  cubical  inches  of  ammonia  were  absorbed,  a  small  glo- 
bule of  metal  remained  unconverted  into  the  fusible  sub- 
stance. A  fresh  piece  of  potassium,  weighing  six  grains, 
was  Introduced  into  the  tray. 

The  iron  lube  and  the  adaptors  (having  together  a  capa- 
city equal  to  4*3  cubical  inches)  contained  common  air. 

The  gas  was  collected  in  three  portions,  there  was  no  ab- 
sorbable quantity  of  ammonia  in  either  of  them. 

-The  first  portion,  that  produced  before  the  tube  became 
red,  was  eight  cubical  Inches.  10'25  of  it,  detonated  with 
3-5  of  oxygen,  diminished  to  8. 

The  second  portion  equalled  five  cubical  Inches  j  9-x  of 
this,  with  5  of  oxygen,  left  a  residuum  of  3^. 

Of  the  third  portion.  2  cubical  inches  and  -V  came  over. 
9  of  it,  detonated  with  5  of  oxvgcn  gas^  left  a  residuum 
of  1-4. 

The  iron  tube  and  the  adaptors  contained,  at  the  end  of 
the  experiment,  as  was  proved  by  cooling  and  the  admis- 
sion of  hydrogen,  2*3  cubical  inches  of  gas,  which  appeared 
of  the  same  composition  as  the  third  portion.  Nearly  7 
grains  of  potassium  were  recovered. 

A  comparison  of  these  results,  with  those  stated  in  the 
preceding  page,  will  fully  prove,  that  there  Is  a  much  smaller 
proportion  of  nitrogen  to  the  hydrogen,  in  the  case  in 
which  the  olive-coloured  substance  is  distilled  with  potas- 
sium, than  in  the  other  case,  and  there  is  likewise  a  larger 
quantity  of  potassium  converted  into  potash. 

The  loss  of  nitrogen,  and  the  addition  of  oxygen  to  the 
potassium,  are  sufficiently  distinct  In  both  processes,*  and 
the  want  of  a  correspondence  between  these  results,  and 
those  of  the  experiment  detailed  "In  page  53*,  are  not  greater 
than  misht  be  expected,  when  all  the  circumstances  of  the 
operation  are  considered.  In  the  instance  In  which  a 
double  quantity  of  potassium  was  eniployed,  more  potash 
must  have  been  formed  from  the  oxygen  of  the  common 
air  in  the  tubes;  and  the  fusible  substance,  in  passing 
*  See  page  9  of  this  volume. 
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through  the  atmosphere,  absorbs  in  different  cases  different 
(juantities  of  oxygen  and  ot  moisture :  during  the  intervals 
of  the  removal  of  the  diflerent  portions  of  gas,  likewise, 
some  giobules  are  lost. 

fn  instances  when  the  heat  has  been  more  rapidlv  raised, 
I  have  generally  found  njore  potassium  destroyed,  and  less 
nitrogen  in  proportion  in  the  aeriform  products,  lu  such 
cases,  likewise,  the  loss  of  weieht  has  been  much  greater  j 
the  gases  have  been  always  clouded,  and  the  adaptors,  after 
beiuff  exposed  to  a  moist  air,  emitted  a  smell  of  ammonia  ; 
from  which  it  seems  likely  that  small  quantities  of  the  dark 
gray  substance  described  iii  page  50  of  this  volume*  are 
sometimes  carried  over  undecompounded  in  the  operation. 

In  some  late  experiments,  I  substituted  for  the  iron  tube, 
a  tube  of  copper,  which  had  been  bored  from  a  solid  piece, 
and  the  sides  of  which  were  nearly  a  quarter  of  an  inch  in 
thickness.  My  object  in  using  this  tube  was  not  only  to 
prevent  the  heat  from  being  too  rapidly  communicated  to 
the  fusible  substance,  but  likewise  to  be  secure  that  no  me- 
tallic oxide  was  present ;  for  thoufih  the  iron  lubes  had  been 
carefullv  cleaned,  yet  still  it  was  possd^le  that  some  oxide, 
which  could  not  be  separated  from  the  welded  parts,  miijht 
exist,  which  of  course  would  occasion  the  disappearance  of 
a  certain  quantity  of  potassium. 

I  shall  iiive  the  results  of  one  of  the  processes,  which  I 
regard  as  most  correct,  made  in  the  tube  of  copper.  The 
barometer  was  at  30-5  ;  thermometer  was  at  39^  Fahrenheit. 

The  tube  contained  two  cubical  inches  and  half,  and  was 
filled  with  hvdrogen. 

Six  arains  of  potassium,  which  had  absorbed  13  cubical 
inches  of  ammonia  in  a  copper  trav,  were  employed. 

The  adaptors  connected  wiih  the  mercurial  apparatus  and 
the  stop- cocks,  contained'7  of  atmospiicrical  air. 
'  The  e;as  given  oft  was  collected  in  two  portions. 

The  First  ponion  was  equal  to  1 1  cubical  inches.  It  c'on- 
tained  -S  of  ammonia;  11  of  the  residuum,  detonated  wi*.h 
S  of  oxvgen,  left  8, 

The  second  portion  equalled  ?  cubical  inches.  Thev 
contained  no  ammonia.  10  of  this  gas,  with  8  ot  oxvgen 
detonated,  left  a  residuum  of  10. 

There  remained  in  the  tube  and  adaptors  1"1  cubical  inch 
of  gas. 

The  quantity  of  hydrogen  produced  by  the  action  of  the 
potassium,  which  had  been  regenerated,  equalled  45  cu- 
i)jcal  inches. 

*  Phil.  Alag.  vol.  xxxiii.  page  4b7. 
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'In  this  experiment  the  heat  waS  apphed  much  more  slowly 
than  in  any  of  those  in  which  the  iron  tube  was  u^etl,  and 
even  at  the  end  of  the  operation  the  temperature  was  little 
more  than  that  of  cherry  red. 

In  the  upper  part  of  the  stop-cock  there  was  found  a 
minute  quantity  of  gray  powder,  which  gave  ammonia  by 
the  operation  of  moisture. 

Ii\  no  case,  in  which  I  have  used  the  copper  tube  in  liko 
processes  of  slow  distillation,  has  there  been  less  than  four 
grains  of  potassium  revived  ;  and  the  proportion  of  nitro- 
gen to  the  hydrogen  in  the  gas  evolved  has  been  uniformly 
much  greater  than  in  processes  of  rapid  distillation  in  the 
tubes  of  iron  ;  but  the  whole  quantity  of  elastic  matter  pro- 
cured considerably  less. 

Copper  has  a  much  stronger  affinity  for  potassium*  than 
iron.  It  occurred  to  me  as  probable,  that  this  attraction, 
by  preventing  the  potassium  fprni  rising  in  vapour  at  its 
usual  temperalure,  and  likewise  bv  tlie  general  tendency  of 
such  combination,  to  aive  greater  density,  might  occasion  a 
diminution  of  its  action  upon  the  nitrogen  in  the  nascent 
state.  Ammonia  has  a  strong  attraction  for  the  oxide  of 
copper,  and  it  consequently  is  not  unlikely  that  the  fusible 
substance  mav  combine  with  metallic  copper,  and  that  this 
compound  may  not  be  entirely  destroyed  in  the  distillation. 
And  assuming  this,  it  may  be  conceived  that  the  loss  of 
hydrogen  partly  depends  upon  some  combination  of  the 
basis  of  an^monia  v\ith  copper. 

1  had  a  tube,  of  the  capacity  of  2'  cubical  inches,  made 
of  wrought  platina,  cemented  by  means  of  fine  gold  solder. 
The  fusible  substance  was  obtained  (as  usual  from  six  grains 
of  potassium)  in  a  tray  of  platina,  where  it  was  brought  in 
contact  with  a  large  surface  of  platina  wire  ;  the  distillation 
was  slowly  conducted  ;  but  before  the  temperature  of  the 
tube  had  approached  to  that  of  ignition,  it  dissolved  and 
gave  WAV  at  the  points  wdiere  it  was  soldered,  and  a  violent 
combustion  took  place.  Only  seven  cubical  inclies  of  gas 
were  collected;  but  of  this,  allowing  for  the  hydrogen  that 
filled  the  tube,  nearly  three- nfihs  were  nitrogen. 

I  am  making  preparations  for  performing  the  experiment 
in  a  bored  tube  made  from  a  single  piece  of  platina,  and 
likewise  in  tubes  made  of  other  metals,  and  I  hope  to  be 

*  Copper  heated  in  potassium  speedily  dissolves,  and  diminishes  its  fusi- 
bility;  but  potassium  requires  a  white  h^at  to  enable  it  to  coiiibine  with 
iron.  In  another  exjjeriment,  in  which  I  distilled  the  fuf.ible  iiitistance  in 
;tn  iron  tray,  contained  in  the  copper  ;vhe,  a  considerahie  quantity  of  cop- 
per, that  iKid  beea  dissolved,  was  found  in.  the  st.j.te  of  powder  depoiited 
upon  the  tray,  or  loose  in  the  bottom  cf  the  tube. 

able, 
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able,  in  a  short  time,  to  have  the  honour  of  laying  the  re- 
sults bert)re  the  society. 

I  fehali  make  no  af<ology  for  bringing  forward  the  inves- 
tigation in  its  present  imperfect  rtate.  excejjt  by  stalincr 
that  my  motive  for  S')  doing,  is  th*;  desir.^-  of  being  assisted 
pr  corrected  bv  the  opinions  and  advice  of  the  learned  che- 
mical philosophers  belonging  to  this  illustrious  body.  la 
an  investigation  connected  with  almost  a.i  the  theoretical 
arrangements  of  chemistrv,  and  in  operations  of  so  much 
delicacy,  it  will,  I  conceive,  be  allowed,  that  it  is  scarcely 
possible  to  proceed  with  too  much  caution,  or  to  multiply 
facts  to  too  great  an  extent. 

The  different  phcenomena  presented  by  the  processes  of 
distillation  in  diii'crent  metallic  tubes,  may  lead  to  new  ex- 
planations of  this  mtricate  subject ;  and  thougli  the  facts 
cannot  be  easily  accounted  for,  except  on  the  supposition 
that  nitrogen  is  an  oxide,  yet  till  the  proportions  and 
weights  are  distinctly  ascertained,  the  inquiry  cannot  be 
considered  as  far  advanced  ;  for  in  an  expernnent  in  which 
the  processes  are  so  complicated  and  dehca.e,  and  in  which 
the  data  are  so  numerous,  it  is  net  easy  to  be  satisfied  that 
every  source  of  error  has  been  avoided,  and  that  every  cir- 
cumstance has  been  examined  and  reasoned  upon. 

All  conclusions  on  the  action  of  poiassiiun  on  ammonia, 
are  immeuiatelv  dependent  upon  the  results  of  theclcctr.cal 
analv!?is  of  ihe  volatile  alkali.  In  a  letter  which  I  received 
in  the  course  of  the  last  month  from  Dr.  Henry,  that  ex- 
cellent chemist  has  stated  that  he  conceives  I  have  rather 
under-rated  the  quantity  of  nitrogen  in  ammonia,  accord- 
uig  to  the  proportions  given  in  the  Bakerian  Lecture  for 
IS07.  This  notice  has  mdueed  me  to  repeat  the  experi- 
ment, nnder  new  circumstances,  and  I  iind  uoi  'he  sliglitest 
reason  for  doubting  of  the  eniire  accuracy  of  my  tomier 
results. 

In  the  new  trial,  I  used  mercury  whicii  had  been  recently 
boiled  in  the  tube  for  eicctrization  ;  the  amuionia  vvas  in- 
troduced after  bein«j  ioBg  dned  by  caustic  poiash,  ir  im  a 
receiver  in  which  \l  had  not  been  generated,  and  whiv-ii  had 
likewise  been  inverted  over  0  ''  ng;  niercnrv.  The  .iiis  left 
no  perceptible  '"c^iduum,  when  at>sorl>ed  by  water  deprived 
of  air  bv  boii  n^.  In  this  process,  15  nira.surjs  of  am- 
monia expanded,  so  as  to  fill  ■:;  measure*^  ;  and  the  hydro- 
gen by  detonation  wi  h  oxygen,  oyer  wa':^;r  f,*eed  as  much 
as  po&sible  from  air,  jiioved  to  be  to  the  nitro=j:;t;n  as  73*8 
to  26"C.  In  the  experiment  three  explosions  \-. ere  made, 
the  oxygen  being  deficient  in  the  first  two;  50  thai  no  ni- 

trocrea 
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trogen  could  have  been  condensed  in  the  form  of  nitric 
acid. 

Except  when  precautions  of  this  kind  are  employed,  as  I 
have  before  noticed,  no  accurate  data  can  be  ob*ained  re- 
specting the  proportions  of  permanent  gases  obtained  from 
ammonia  by  electricity. 

Wheli  the  gas  is  generated  and  decomposed  over  the 
same  mercury,  there  is  always  a  greater  expansion  than  the 
true  one ;  and  when  the  mercury  is  not  boiled  in  the  tube', 
^nd  when  common  water  is  used,  the  nitrogen  will  be  al- 
'ways  over-rated,  unless  this  error  is  counteracted  by  an 
opposite  error,  that  of  detonating  with  an  excess  of  oxy- 
gen *. 

Dr.  Kcnry  had  the  kindness  to  send  me  the  apparatus, 
in  which  he  conceived,  at  that  time,  that  he  had  witnessed 
the  formation  of  water  in  the  decomposition  of  ammonia 
by  electricity,  by  his  ingenious  method  of  applying  hygro- 
metrical  te^ts. 

1  tried  one  experiment  only  with  it,  and  in  this  there 
seemed  to  me  to  be  more  moisture  exhibited  in  the  elastic 
njutter  after  electrization  than  before,  when  it  was  cooled 
by  the  evaporation  of  ether :  but  on  maturely  considering 
this  question,  I  do  not  think  that  the  appearance  of  mois- 
ture even  ofl'ers  a  decided  proof  of  the  existence  of  loosely 
combined  oxygen  in  ammonia.  To  common  livgrometrical 
tests,  water  must  be  less  sensible  in  ammonia  than  in  hy- 
drogen or- nitrogen,  from  its  tendency  to  be  precipitated  in 
the  form  of  alkaHne  solution,  and  likewise  probably  from 
its  having  a  stronger  adherence  to  the  gas  ;  -and  the  elastic 
fiiiid  generated,  from  the  increase  of  volume  will  becapabla 
of  containing  more  aqueous  vapour. 

It  is  not  easy  to  determine,  with  perfect  precision,  the 
specific  gravity  of  a  gas,  so  liiiht  as  hydrogen  and  even  am- 
monia; but  the  loss  of  weight,  which  appears  to  take  place 
in  the  electrical  analysis  of  ammonia,  cannot,  1  think,  with 
propriety,  be  referred  entirely  to  this  circumstance:  whether 
the  solution  that  1  have  ventured  to  give  f  be  the  true  one, 
T  shall  not,  ii>  the  present  state  of  the  inquiry,  attempt  to 
discuss. 

The  question  of  ammonia  being  analogous  to  other  sali- 

*  }t  \v\\\  be  seen  by  Dr.  Henry's  letter,  [page  SG9  of  our  present  Num- 
ber, Edit.]  that  in  repeating  liis  processes,  since  tJiis  paper  was  writ- 
ten, he  ha<  .<j3ine4  results  almust  precisely  the  same  as  those  indicated  in  the 
te'xt;  and  there  is  pvcry  reason  to  believe,  that  100  of  ammonia  in  voiume 
uniformly  become  180,  when  decoin posed  by  electricity,  and  that  the  ga^ 
produced  consists  in  JOG  parrs  of  74  hydrogen  and  26  nicrogea. 

•{•  Bakerian  Lecture,  1807,  p.  40. 

fiable 
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liable  bases  in  its  constitution,  is  determined  by  the  phae- 
iiomena  presented  by  the  amalgam  from  th.at  aikali ;  and  if 
the  conversion  of  nitrogen  into  oxygen  and  hydrcigen  should 
be  established,  it  would  appear  that  both  hydrogen  and  ni- 
trogen must  be  different  combinations  of  ammonium  with 
oxygen,  or  with  water. 

[To  be  continued.! 


XLVIir.  Inquiry  ivhelher  Ncevia  Materna,  with  which 
Children  are  sometimes  lorn^  should  he  attributed  to  ike 
Imagination  of  the  Mother. 

To  Mr.  Tilloch. 

Sir,  In  looking  over  a  late  volume  of  the  Linnean  Trans- 
actions, I  met  with  a  fact  ih.at  seems  almost  to  set  at  rest  a 
long  disputed  physiological  ijuestion,  which  ibrmerlv  en- 
gaged a  considerable  share  of  attention  in  the  philosophical 
uorld,  but  has  not  hithcrtOj  as  far  as  1  know,  been  satis- 
factorily resolved. 

The  question  to  which  I  allude,  is  that  which  refers  to 
the  share  w  hich  is  be  attributed  to  the  imagination  of  the 
mother  in  producing  the  marks  which  infants  are  so.nc- 
times  born  with,  by  philosophers  of  a  former  day,  the  af- 
firmation of  this  question  v\as  decidedly  insistt^d  upon,  and 
more  than  one  volume  has  been  filled  with  reputed  instances 
of  the  effects  of  the  mother's  imagination  upon  her  off- 
spring. In  the  present  day,  too,  the  whole  female  world 
still  retain  a  similar  belief  upon  this  subject,  and  almost 
every  woman  can  quote  her  own  or  her  neighbour's  expe- 
rience in  support  of  her  opinion.  The  medical  njen,  how- 
ever, always  laugh  at  their  histories,  and  consider  them  as 
mere  idle  tales.  I  was  myself  for  a  long  time  prepossessed 
with  the  same  notion  ;  but  at  length  I  heard  of  two  or  three 
instances  of  children  having  been  born  without  limbs  or 
witli  wounds,  in  consequence  of  the  mother's  imagination 
having  been  violently  acted  upon  j  which  almost  statis;ered 
my  scepiicisui.  One  of  these  cases  was  related  to  me  by 
an  intelligent  friend  who  had  seen  the  child  born  with  only- 
one  leg,  as  uell  as  its  mother,  who  declared  her  firm  be- 
lief, that  the  cause  of  this  imperfection  in  her  child  was  a 
violent  fright  which  she  experienced  frtun  seeing  a  bciiorrtr 
suddenly  uncover  the  wounded  stump  of  his  thigh.  My 
friend  very  closelv  cross  questioned  this  woman  ;  and  the 
Jesuit  of  his  examination   was  an  entire  conviciion  that  it 

was 
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was  a  fact  that  she  had  been  frightened  when  pregnant  in 
the  way  =he  stated,  and  that  tlie  iufant  subsequently  bom 
was  maini<.-d  precisely  as  the  beirgar  was  who  had  been  the 
cause  of  her  alarm.  Since  karniriir  this  fact  I  have  been 
Jliore  inclined  to  listen  with  patience  to  similar  historie.-^, 
yet  with  some  doubts,  chiefly  built  upon  the  universal  in- 
credulity of  the  medical  men  to  whom  I  have  related  thcni, 
remaining.  These,  however,  are  now  done  away  by  tke 
fact  stated  in  the  Linnean  Transactions  alluded  to  above, 
the  substance  of  which  I  shall  briefly  state. 

The  servant  of  Mr.  Milne,  F.L.S.,  in  removing  a  kettle 
from  the  fire,  trod  very  heavily  upon  the  tail  of  a  pregnant 
she  cat  lying  upon  the  hearth.  The  eat  immediately  uttered 
a  dreadful  scream,  and  ran  out  of  the  room  with  .every 
mark  of  violent  terror.  When  this  cat  littered,  half  of  her 
kittens  had  their  tails  bent  in  the  middle  at  right  angles, 
with  a  roMnd  knot  thicker  than  the  rest  of  the  tail  at  ibe 
angle  formed. 

This  fact  seems  to  be  very  important,  and  to  prove  nearly 
to  a  demonstration,  that  the  imagination  of  pregnant  fe- 
males has  the  power  of  acting  upon  the  bodily  conforma- 
tion of  their  young.  It  is  very  certain  that  tlie  tails  of  the 
young  kittens  were  not  trodden  upon.  What  then  could 
have  thus  distorted  them,  but  the  imagination  of  the  parent 
influenced  by  the  sudden  alarm  which  she  fell?  It  may  be 
denied  that  the  distortion  was  the  consequence  of  the  pres- 
sure on  the  mother's  tail;  but  such  a  denial  appears  to  me 
very  unphilosophical,  especially  when  we  take  into  account 
the  number  of  similar  facts  on  record,  with  respect  to  the 
human  species.  If  this  were  the  first  instance  heard  of, 
there  would  doubtless  be  reason  for  hesitation;  bui  it  is  so 
closely  analogous  to  hundreds  of  like  events  which  are 
stated  to  have  occurred  to  women,  that  it  seems  to  nie  con- 
clusive. It  may  be  said  perhaps  that  cats  are  exposed  to 
have -their  tails  trodden  upon  every  day,  and  that  we  never 
hear  of  similar  mutilations.  But  it  should  be  considered, 
that  in  the  case  recorded  in  the  Linnean  Transactions,  it 
was  the  exlraordianry  injury  sustained  by  the  animal,  and 
the  violence  of  ihc  impression  it  made  upon  her,  that  alone 
caused  the  circumstance  to  be  recollected.  Mr.  Milne  would 
never  have  remembered  any  ordinary  scream  of  his  c:U  from 
having"  been  accidentally  trodJen  upon,  nor  have  thought  of 
referring  to  it  the  remarkable  conformation  of  her  kittens. 

I  shall  be  glad  if  some  of  your  j)hysiologlcal  correspon- 
dents would  favour  me  with  iheir  opinion  op  this  state- 
ment. 
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thcnt.  The  importance  of  the  subject  cannot  be  doubted, 
and  it  appears  to  me  to  have  been  very  undeservedly  neg- 
lected ot  late. 

I  am,  sir,  yoitr  obedient  servant, 

Nov.  17,  1S09,  EnCEPS* 


XLTX.    On  Crystaliogrnplnj.     By  M.  Hauv.   Translated 
from  the  Last  Paris  Edition  of  his  Traite  de  Mineialogie. 

-    [Continued  frun;  ;^.  302,] 

Of  secondary  Foims,  the  Molecules  of  ivhich  differ  from 
the  Parallelopipedon. 

Xt  is  a  character  common  to  all  the  primitive  forms  to  be 
divisible  parallel  to  their  diflerent  faces.  In  the  parallelo- 
pipedon,  this  division,  when  not  joined  fo  any  other  which 
can  take  place  in  diflercnt  directions,  evidently  leads  to  a 
form  of  molecule  similar'  to  the  nucl-eus.  In  the  regular 
hexahedral  prism,  it  gives  as  a  molecule  an  eonilateral  tri- 
angular prism,  as  we  have  already  seen  in  another  place. 
In  the  octahedron,  it  seems  to  tend  tOvvar<]s  molecules  of 
two  different  forms,  some  tetrahedrons  and  Others  octahe- 
drons. This  mixed  kind  of  structure  takes  place  also  with 
respect  to  the  tetrahedron.  But  every  probable  reason 
concurs  to  exclude  the  octahedron,  and  to  ;vdopt  the  tetrahe- 
dron in  preference,  as  being,  in  these  cases,  the  true  inte- 
gral molecule.  Under  the  head  Filiated  Lime  n)ore  par- 
ticulars will  be  found  on  this  subject. 

If  we  divide  in  the  sanie  way  the  dodecahedron  with 
rhombic  planes,  the  molecules  will  be,  without  equi- 
vocation, tetrahedrons  with  triangular  isoscele  faces.  Under 
the  article  Garnet,  every  thing  relative  to  this  kind  of  struc- 
ture will  be  found. 

With  respect  to  the  dodecahedron  with  isosccle  triangular 
planes,  we  cannot  extract  the  molecules  that  con)pose  it 
without  div^iding  it  in  directions  difi'erent  from  those  which 
would  be  parallel  to  the  faces.  The  tranchant  planes  in  this 
case  ought  to  pass  by  the  axis,  and  by  the  ridges  contiguous 
to  the  summits,  whence  irregular  tetrahedrons  result  as 
molecules.  This  point  of  theory  will  be  treated  of  in  the 
article  Quartz. 

The  other  primitive  forms  are  also  sometimes  subdivided 
in  directions  which  are  not  parallel  to  their  faces.  We 
have  already  had  an  example  of  this,  relative  to  the  rhom- 
boid of  the  tourmaline,  whose  subdivision,  following  planes 

which 
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which  pass  by  the  axis  and  by  the  oblique  diagonals,  give* 
the  result  represented  in  fig.  10,  where  we  see  that  the 
nioleculcs  are  tetrahedrons.  Observation  also  proves  that 
the  oblique  quadrangular  prism  which  \i  the  nucleus  of 
pyroxene,  has  natural  joints  situated  parallel  to  a  plane 
which  would  pass  bv  the  small  diagonals  of  its  bases;  from 
this  we  Hiay  conclude  that  its  molecules  are  triangular 
prisms. 

I  shall  not  insist  further  on  these  modes  of  division, 
which  will  be  explained  at  greater  length  when  we  come  to 
speak  of  the  articles  which  represent  them  ;  but  I  ought 
not  to  pass  over  a  result  which  serves  to  connect  the  cry- 
stallization of  substances,  whose  molecule  is  the  tetrahe- 
dron or  triangular  prism,  with  that  of  substances  which 
have,  as  priuiitive  forms,  simple  assemblages  of  elementary 
parallelopipedons. 

, This  connection  consists  in  the  tetrahedral  or  prismatic 
molecules  being  always  assorted  in  such  a  manner,  in  the 
interior  of  the  primitive  frtrm  and  of  secondary  crystals, 
that  on  taking  them  by  small  groups  of  twos,  fours,  sixes, 
or  eights,  they  compose  parallelopipcdons,  so  that  the 
rani'es  subtracted  by  the  effect  of  decrements  are  nothing 
else  than  sums  of  these  parallclopipedons. 

That  we  may  better  conceive  how  this  takes  place,  let  us 
conceive  for  a  moment  that  the  small  rhomboids  which  re- 
.present  the  iTiolecules  of  carbonated  lime  are  divisible  into 
tetrahedrons,  as  we  have  seen  with  respect  to  the  rhom- 
boids which  belong  to  the  tourmaline.  This  view  does  not 
change  the  explanations  which  we  have  given  of  the  diffe- 
rent secondary  forms  of  which  carbonated  lime  is  suscep- 
tible ;  i.  e.  in  order  to  determine  these  forms  by  the  help  of 
theory,  we  should  always  confine  ourselves  to  the  consi- 
deration of  decrements  by  one  or  more  ranges  of  rhom- 
boidal  molecules. 

What  is  only  an  hypothesis  with  regard  to  carbonated 
lime,  is  changed  into  reality  with  the  tourmaline.  Although 
the  rhomboids  produced  at  first  by  the  mechanical  division 
of  the  crystals  of  this  substance  are  ultimately  resolved  into 
tetrahedrons,  the  decrements  which  give  the  secondary 
forins  are  produced  by  subtractions  of  these  rhomboids  si- 
milar to  the  priniitive  form  ;  so  that  we  may  suppose,  in 
calculations  relative  to  the  determination  of  these  forms, 
that  the  tetrahedrons  which  represent  the  true  molecules 
are  connected  with  each  other  in  an  invariable  manner  in 
each  rhomboid. 

Let  us  cite  another  example  drawn  from  a  very  simple 
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structure^  which  is  that  of  crystals  whose  primitive  form 
is  the  regular  hexahedral  prism.  Let  A  D  be  always  (fig,  40) 
one  of  "the  bases  of  this  prism  subdivided  into  small 
triangles  which  are  the  bases  of  so  many  molecules.  It  is 
evident  that  any  two  given  triangles  adjoining  the  other, 
such  as  A  p  i,  AOi,  compose  a  rhombus,  and  conse- 
quently the  two  prisms  to  which  they  belong  form  by  their 
union  a  prism  with  rhomboidal  bases,  which  is  one  of  the 
kinds  of  parallelopipedon. 

Let  us  now  imagine  that  the  triangular  prisms,  which 
are  the  elements  of  these  parallelopipedons,  are  invariably 
connected  with  each  other.  We  may  sub>titute  for  the 
arrangement  represented  in  fig.  40,  that  of  fig.  41  merely 
composed  of  rhombuses,  which  will  he  the  bases  of  so  many 
parallelopipedons. 

Now  if  we  suppose  a  series  of  lamlnai  piled  up  on  the  hex- 
agon A  BCD  FG,  and  which  undergo,  for  example,  on 
their  different  edges,  subtractions  of  one  range  of  parallelo- 
pipedons similar  to  those  now  in  question,  these  edges  will 
be  successivelv  arranged  like  the  sides  of  hexagons  i  I  m  nr  h^ 
kuxtj  s,e,  &c. :  hence  we  see  that  the  quantity  in  which 
each  lamina  shall  exceed  the  following  one  will  be  a  sum 
of  parallelopipedons,  or  prisins  with  rhomboidal  bases  ;  and 
it  is  easv  to  judge  that  the  result  of  the  decrement,  sup- 
posing that  the  latter  attains  its  limit,  will  be  a  straigijt 
hexahedral  pyramid,  which  will  have  as  a  base  the  hexagoa 
ABCDFG. 

All  the  other -different  primitive  forms  of  the  parallelopi- 
pedon give  analogous  results.  We  might  even  substitute 
for  each  of  these  forms  a  nucleus  similar  lo  the  small  pa- 
rallelopipedon, which  are  assemblages  of  tetrahedrons  or 
triangiilar  prisms  ;  and  we  should  also  succeed  in  explaining 
the  secondary  forms  by  laws  of  decrement  referred  to  this 
nucleus,  which'x'ould  also  be  given  'oy  mechanical  di- 
vision. We  shall  use  it  in  this  manner  wi;h  respect  to 
quartz,  because  in  this  case  the  substitution  of  the  paralle- 
lopipedon for  the  bipyramidal  dodecahedron  leads  to  mure 
simple  decrements  for  certain  varieties*. 

I  shall 

*  We  ?se  acquainted  with  cn-stals  whose  mechanical  division  ^i^es  first 
a  prism  uith  rhoaibtiida!  bases  which  have  dilrereiu  anjjles  of  120"  and  60*. 
This  prism  may  be  afterwards  subdivided  ia  che  direction  of  one  of  the  dia- 
gwials  of  its  bases:  from  which  it  resuks  that  we  mie;ht  also  extract  imme- 
diately from  the  secondary  crystal  a  hexahedral  prism  ;  but  which  would  not 
he  regular.  In  these  cases  we  shall  adopt  the  prism  with  rhomboidal  bases 
tor  the  nucleus,  because  this  form,  besides  being  simpler,  has  a  character  of 
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I  shall  give  the  name  of  siihtractive  rholecules  to  those 
parallelopipedons  composed  of  tetrahedrons,  or  of  trianjruiar 
prisms,  and  whose  ranges  measure  the  quantity  of  the  de- 
crement which  the  laminae  of  superposition  undergo  when 
applied  on  the  faces  of  the  primitive  form. 

We  find  from  what  precedes,  that,  to  speak  precisely^ 
theory  would  not  admit  of  our  proceeding  towards  its  prin- 
cipal object,  on  stopping  at  the  parallelopipedons  given  in 
the  first  place  by  the  mechanical  division  of  crystals ;  and 
the  kind  of  anatomical  dissection  afterwards  undergone  by 
these  parallelopipedons,  when  wc  try  to  asceiid  to  the  true 
form  of  the  integral  molecule,  is  an  ulterior  step,  without 
which,  observation,  rather  than  theory,  would  leave  some- 
thing unfinished.  The  parallclopipedon  here  represents 
unity,  at  which  all  the  results  of  the  theory  end  ;  and  frac- 
tions formed  of  its  subdivisions  beyond  this  unity  are  of  no 
consequence. 

We  see  at  the  same  time,  that  by  means  of  this  con- 
formity between  the  results  given  by  the  various  forms  of 
integral  molecules,  theory  has  the  advantage  of  gene- 
lalizing  its  object  by  chaining  to  a  single  fact  the  multitude 
of  facts,  which  from  their  diversity  seem  little  susceptible 
of  concurring  in  one  common  point. 

regularity  which  the  other  has  not,  and  which  consists  in  the  equality  and 
similitude  of  its  lateral  faces. 

Here  a  consideration  presents  itself  which  we  ought  not  to  omit.  Let 
A  B  C  D  (fig.  42)  be  the  upper  base  of  one  of  tlie  prisms  we  have  mentioned. 
L.et  us  suppose  for  a  moment  that  this  prism  caiuiot  be  subdivided  except 
parallel  to  its  four  panes  and  to  its  two  bases.  The  arrangement  of  the  small 
rhombuses  situated  on  both  sides  of  tlie  rhombus  A  B  C  D  will  represent  the 
effect  of  a  decrement  by  one  range  on  the  two  longitudinal  ridjes  terminated 
by  the  points  A  and  C ;  and  it  is  visible  that  this  decrement  will  produce  for 
the  secondary  form,  a  hexahedral  prism,  whose  base  is  represented  by  B'  I 
m  D'  rh. 

Now  if  we  conceive  that  the  rhomboidal  prism  which  has  for  its  base 
ABCD,  may  be  subdivided  in  the  direction  of  the  diagonal  BD  into  two 
triangular  prisms,  all  the  small  rhomboidal  prisma  of  which  it  is  the  asbcm- 
blage  being  susceptible  of  the  same  division,  we  shall  suppo.se  th:it  the 
small  vacuums  which  existed  between  I  and  ?«  on  one  hand,  and  between 
h  and  r  on  the  other,  in  the  hypothesis  of  the  decrement,  are  filltd  up  by 
triangular  prisms,  in  which  case  the  hexahedral  prism  will  be  immediately 
j;iven  without  any  decrement.  Nevertheless  we  cannot  admit  of  considerin'T 
the  faces  which  will  be  in  this  case  as  being  produced  in  virtue  of  a  decre- 
ment by  one  range,  because  then  the  form  of  the  second.iry  crystal  is  merely 
composed  of  small  rhomboidal  prisms  similar  to  the  primitive  form,  as  would 
have  taken  place  if  the  decrement  was  produced  by  two  or  more  ranges  ;  so 
that  here  it  is  only  a  particular  case  which  should  seeni  to  have  been  assimi- 
lated with  all  the  others  for  the  sake  of  uniformity  in  the  laws  of  structure. 
The  same  reasoning  applies  to  primitive  forms  ditTereat  from  the  parallelopi- 
pedon,  as  we  shall  find  in  the  course  of  this  work. 
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t)'ijference  letween  the  Slriiclure  and  the  Increment. 

In  the  preceding  development  of  the  theory,  ve  have 
s\ipp«-ed  that  the  component  laminae  of  crystals  originally 
of  one  and  the  same  species,  issue  from  one  common  nu- 
cleus, undergoing;  decrements  subjected  to  certain  laws, 
upon  which  the  forms  of  these  crystals  depended.  But  here 
it  is  only  a  conception,  adopted  to  make  us  more  easily  per- 
ceive the  mutual  connections  of  the  form  iu  question. 
Properly  speaking,  a  crystal  in  its  entire  state  is  only  a 
regular  group  of  similar  molecules.  It  does  not  commence 
by  a  nucleus  o\  a  size  proportioned  to  the  volume  which 
it  ought  to  acquire,  or,  what  comes  to  the  same  thin^,  by 
a  nucleus  equal  to  that  which  we  extract  by  the  aid  of  me- 
chanical division  ;  and  the  laminae  which  cover  this  nu- 
cleus are  not  applied  successively  o\^er  each  other  in  the 
same  order  in  which  the  theory  regards  them.  The  proof 
of  this  is,  that  amongf  crystals  of  different  dimensions 
which  are  frequently  attached  to  the  same  support,  those 
which  can  only  be  distinguished  by  the  microscope  are  as 
complete  as  the  most  bulky;  from  which  it  follows  that 
ihey  have  tiie  same  structure,  /.  e.  they  already  contain  a 
small  nucleus  proportioned  to  their  diameter,  and  envelop- 
ed by  the  number  oF  decreasing  lamince  necessary,  in  order 
that  the  polyhedron  should  be  provided  with  all  its  faces. 
We  do  not  perceive  these  various  transitions  of  the  primi- 
tive to  the  secondary  forms,  which  ought  to  lake  place  if 
crystallization  constructed,  as  if  by  courses,  the  species  of 
pyramids  superadded  to  the  nucleus,  in  going  from  the  base 
to  the  summit*. 

We  must  therefore  conceive,  for  example,  that  frorn  the 
first  instant  a  crystal,  similar  to  the  dodecahedron  with 
rhomboidal  planes  derived  from  the  cube  (figs.  11  and  12), 
is  alreadv  a  very  small  dodecahedron,  which  contains  a  cu- 
bical nucleus  proportionally  small,  and  that  in  the  follow- 
ing instants  this  kind  of  embryo  increases  without  changing 
its  form,  by  new  strata  which  envelop  it  on  all  sides ;  so 
that  the  nucleus  increases  on  its  part,  always  preserving  the 
same  relation  with  the  entire  crystal. 

We  shall  make  this  idea  apparent  by  a  construction  re- 
lative to  the  dodecahedron  now  mentioned,  and  represented 
by  means  of  a  plane  Ssure.  What  we  shall  say  of  this 
figure  may  easily  be  applied  to  a  ^olid,  since  we  may  al- 

•  This,  however,  is  onlv  gererallv  tri!e;  for  it  sometimes  happens^  ia 
artificial  crystaliizaticn,  (and  it  is  very  probable  that  we  may  say  as  inuch 
cf  that  of  natural  bodies,)  that  a  form  which  i-.ad  attaiaed  a  certain  degree 
of  increment  suddenly  undergoes  variations  by  the  efieci  o»  some  particular 

«!icumstance. 
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ways  conceive  a  plain  figure  like  a  section  made  in  a  solid. 
Let  t  sz  s\  therefore,  (fig.  43  A)  be  an  assort  nient  of  small 
squares,  in  which  the  square  B  N  D  G,  coinposed  oF  49 
imperfect  squares,  represents  the  section  of  the  nucleus  *, 
and  the  extreme  squares/,  p,  /,  B,y",  c,5,  c,  It,  Sec,  thekind' 
of  steps  formed  by  the  laminfs  of  superpoiition.  We 
nsay  conceive  tliat  the  assortment  has  commenced  by  the 
square  BND  G,  and  that  different  piles  of  small  squares 
are  afterwards  applied  on  each  of  the  sides  of  the  central 
square;  for  example,  on  the  side  BN;  in  the  first  place  the 
five  squares  c  ^mprchended  between^  and  li,  aiterwards  the 
three  squares  contained  between  c  and  e,  and  then  the 
square  s.  This  progress  corresponds  with  what  would  take 
place  if  the  dodecahedron  commenced  by  a  cube  propor- 
tioned to  its  volume,  and  which  afterwards  increased  by  an 
addition  of  laminae  continually  decreasing. 

But  on  the  other  hand,  we  mav  imagine  that  the  assort- 
ment had  been  at  first  similar  to  that  which  we  see  (fig. 
43  C),  in  which  the  square  BNDG  is  only  composed  of 
nine  molecu'es,  and  bears  on  each  of  its  sides  only  a  single 
square  5,  /,  /,  z.  If  we  refer,  in  imagination,  this  assort- 
ment to  the  solid  of  which  it  is  the  section,  we  shall  easily 
judge  that  this  solid  had  for  its  nucleus  a  cube  composed 
of  27  molecules,  and  of  which  each  face,  composed  of  nine 
squares,  carried  on  tliat  of  the  middle  a  small  cube,  so  that 
the  decrement  by  one  range  is  already  exhibited  in  this 
initial  dodecahedron. 

This  assort meiit,  by  means  of  an  application  of  new 
squares,  will  become  that  of  fig.  43  B,  in  which  the  central 
square  BNDG  is  formed  of  25  small  squares,  and  carries 
on  each  of  its  sides  a  pile  of  three  squares,  besides  a  ter- 
minal square  s.  t,  /,  or  z.  Here  we  have  already  two  la- 
minae of  superposition,  instead  ofoneonlv.  Finally,  by 
an  Ulterior  application,  the  assortment  of  fig.  43  B  will  be 
changed  into  that  of  fig.  43  A,  where  we  see  three  laminaa 
of  superposition.  "Fhese  different  transitions,  of  which  we 
are  at  liberty  to  continue  the  series  as  far  as  we  please,  will 
give  an  idea  of  the  manner  in  which  secondary  crystals  may 
increase  in  volume  by  preserving  iheir  form  j  from  wbicH 
we  may  judge  that  the  structure  is  combined  with  this 
augmeotatioii  in  volume;  so  that  the  kuv  (according  to 
which  all  the  laminae  appfied  on   the  nucleus  when  it  has 

*  This  section  is  that  which  would  pans  by  the  points  s,  s'  (fig-.  11)  of  the 
dodecahedron,  and  by  the  centres  ot  the  ridges  E  O,  A  I,  &.C.,  of  the  nu- 
cleus. Thus  the  poii.t  B  (fig.  4:!)  is  rcgai\led  as  situated  at  an  equal  d:i>tance 
be  ween  the  points  E,  O,  (fig.  11,)  and  the  point  N,  at  eoual  distance  be- 
tween the  points  A,  I,  &c, 
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attained  its  greatest  dimensions  decrease  successively^ 
was  already,  as  it  were,  displayed  in  the  growing  crystal. 

A  great  deal  remains  to  be  done  before  we  can  terminate 
the  theory  of  crystallization.  We  have  only  given  the  laws 
of  the  structure  of  crystals,  and  we  are  now  enabled  to  un- 
ravel those  of  their  formation.  The  affinity  (^f  the  mole- 
cules for  each  other,  the  nature  of  the  liquid  in  which  cry- 
stallization takes  place,  its  degree  of  density,  temperature, 
and  other  similar  circumstances,  would  be  so  many  ele- 
ments which  we  ought  to  take  into  our  calculation,  and 
the  solution  of  the  problem  would  determine  the  law  of 
decrement  which  ought  to  take  place  m  each  particular  case 
in  virtue  of  the  same  circumstances,  and  the  form  of  the 
secondary  crystal  which  would  result  from  that  law. 

We  can  very  well  conceive  in  general,  that  stonv,  me- 
tallic, or  other  molecules,  suspended  in  a  liquid,  and  dis- 
posed to  reunite  in  order  to  form  a  crystal,  are  attracted 
at  the  same  time  by  each  other,  and  even  bv  the  molecules 
of  the  liquid ;  and  it  is  because  their  mutual  affinity  is 
stronger  than  that  of  the  liquid  that  their  union  is  produced. 
Now  the  attraction  of  the  liquid  varies  on  account  of  the 
circumstances  which  we  have  mentioned  ;  and  thus  its  dif- 
ference trom  the  mutual  attraction  of  the  molecules,  which 
is, always  the  same,  ought  also  to  undergo  variations  vvhich 
influence  crystalhne  forms  in  their  diversity.  And  if  there 
are  heterogeneous  matters  in  the  liquid,  they  will  act  on  their 
part  in  order  to  modify  the  action  of  the  liquid  on  the  true 
molecules.  It  would  seem  that  we  have  a  proof  of  this  in 
certain  crystals  of  axinite,  one  part  of  which  is  of  a  violet 
colour  with  manganese,  and  the  o'her  green,  in  conse- 
quence of  chlorite  being  present.  The  former  presents  ad- 
ditional facets,  which  are  not  observed  in  the  latter,  which 
is  besides, more  regularly  formed,  and  has  not  a  striated  sur- 
face, like  the  violet  pan. 

A  superabundant  portion  of  some  of  the  essential  princi- 
ples, which  would  be,  as  it  is  said,  in  excess,  might  also 
have  an  influence  on  the  form  of  the  crystal,  by  addin?  its 
own  particular  action  to  that  of  the  liquid.  For  it  can 
hardly  be  doubted  thdt  there  is  for  every  substance  a  fixed 
proportion  of  principles,  which  constitute  its  true  nature;  so 
that  all  v.hich  exceeds  the  limit  given  by  this  proportion 
ought  to  be  regarded  as  accidental,  and  assimilated  to  a  he- 
terogeneous substance. 

But  the  above  are  only  slight  hints,  by  no  means  suffi- 
cient to  clear  up  the  subject.    Our  acquirements  have  more 
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progress  to  ijiake,  bt-tbre  seometrv  can  have  the  data  neces- 
sary for  submitting  t(i  a  precise  and  rigorous  tlicory  the 
combined  forces  ot"  the  ditiVrent  agents  which  concnr  in 
crystalHzation,  and  ascend  from  the  tacts  ah-eady  establish- 
ed, toother  facts  more  general,  and  more  aUied  to  the 
truCi^a^ses  which  depend  imniechately  on  the  will  of  the 
Snpreme  Eemg.  It  is  a  rich  nwwG,  the  working  of  w'nich 
is  merely  commenced,  and  which  waits  for  more  favonrablc 
times  and  n)ore  scientific  workmen  to  follow  the  vein  to 
the  greatest  depth. 

Of  Cry.ita/s  with  a  Moiety  reversed,  and  of  those  which 
i  appear  to  penetrate  each  other. 

We  have  hitherto  considered  crvstallization  as  impress- 
ing on  its  results  the  character  of  the  greatest  possible  per- 
fection, and  producing  nothing  but  isolaleo  forms,  exempt 
from  everv  thing  thai  could  atl'ect  their  purity  and  symmetry. 
It  remains  for  us  to  describe  certain  accidents,  wliich,  un- 
der the  appearance  of  exceptions  or  anomalies,  still  possess 
a  latent  tendency  towards  the  same  laws  to  which  the  struc- 
ture is  subjected,  when  nothing  deranges  their  progress  or 
disturbs  their  harmony. 

In  ordinary  crystals,  the  faces  adjacent  to  each  other  al- 
ways form  saliant,  and  never  re-entering,  angles.  But 
crystalline  forms  also  exist  which  present  these  last  angles  ; 
and  Rome  de  r  Isle  was  the  Hrst  who  observed  that  this 
effect  took  place  when  one  of  the  two  moieties  of  a  crystal 
was  \ti  a  reversed  position  with  respect  to  the  other*.  A 
very  simple  exanijile  will  enable  us  to  conceive  this  re- 
versal. 

Let  us  suppose  that  BJ  (fig.  44)  represents  an  oblique 
prism  with  rhomboidal  bases,  situated  in  such  a  manner 
that  the  panes  A  D  da,  Q.D  dc^  are  vertical,  and  B  D  are 
the  acute  angles  of  tlie  base;  and  the  latter  proceeds  in  a 
risinjj  diixiciion  horn  A  to  C.  liCt  us,  besides,  suppose  that 
the  prism  is  cut  into  halves,  by  mear.s  of  a  plane  which 
should  pass  bv  the  diagonals  drawn  from  B  to  D,  and  from 
/■  to  d,  and  that,  the  half  situated  on  the  left  remaining 
lixed,  the  other  half  is  reversed  without  being  separated 
from  the  former.  The  crystal  will  be  presented  undt;r 
the  aspect  which  we  see  in  fig.  45,  where  the  trians^le /■' «?'(/, 
which  was  one  of  the  halves  of  the  lower  base  (tig.  44;,  is 
now  situated  in  the  upper  part  {\\s.  45),  and  forms  a  saliant 
angle   with   the  fixed   triangle  ABD,  while  the   trianglo 

*  Rumi  de  I'Islf. — Crystal,  t.  i.  latrod.  p.  911. 

BCD 
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Now  if  we  imagine  a 
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E  D  C  (tig.  45),  which  was  one  of  the  halves  of  the  supe- 
rior base  (/ii>;-  4i),  is  transported  into  the  lower  part  (tiir. 
45),  and  forms  a  re-enteiint^  angle  with  the  fixed  triaiiiile 
a  b  d. 

We  can  easily  conceive  that  the  plane  of  jnnction  Y)^h  d 
of  the  two  halves  of  a  rhomboid,  is  situated  like  a  face  pro- 
duced in  virtue  of  a  decrement  bv  one  range  on  one  or  other 
of  the  ridges  Aff,  Cr,  (tic;,  •f*^'*'  =mk1  thus  the  manner  in  which 

t  rtlation  to  the  structure. 
jndar\  form  which  has  for  its 
nucleus  the  same  prism,  ai  if  we  suppose  that  it  has  been 
cut  in  the  directions  of  ihe  plane  Vi\Md,  and  that  one  of 
its  halves  is  reversed  in  such  a  manner  that  tlie  half  of  the 
nucleus  which  corresponds  with  it  assumes  ihe  same  posi- 
tion as  in  the  preceding  case,  the  assortment  might  be  such 
that  there  is  still  a  re-enteringr  anole  on  one  tiand  and  a 
saliant  angle  on  the  other,  which  will  result  from  the  mu- 
tual incidences  of  the  faces  produced  by  decrements. 

In  certain  cases  the  plane  of  junction,  on  which  the  two 
halves  of  the  crystal  are  joined,  is  situated  parallel  to  one 
of  the  faces  of  the  nucleus,  and  the  assortment  docs  not 
admit  of  presentmg  a  ri.-£ntering  angle  opposed  to  a  saliant 
angle. 

J  have  ^iven  to  these  reversed  crystals  the  nanie  o^  kemi- 
tropes  *,  and  I  call  hemilrope  crystals  such  as  are  thus  re- 
versed. They  seem  to  indicate  a  poiaritv  in  the  integral 
jTiolecules,  as  I  shall  explain  more  at  length  under  llie  head 
of  sp'mell.  We  shall  also  find  under  the  AvUc\Gsft'/dspi/i\ 
pyroxene,  oxidated  tin,  Sec,  remarkable  exaii'iples  of  hs-mi- 
tropes. 

Another  accident  extremely  comm.on,  is  the  manner  iu 
which  grouped  crystals  are  inserted  into  each  ether +.  This 
kind  of  apparent  penetration  is  subject  to  so  many  diver- 
sities, that  frequently,  among  crystals  of  the  same  group, 
we  do  not  find  two  relative  positi'^ns  re-embling  each 
other.  We  nmst  except,  however,  staurotide,  the  prisms 
of  which,  as  we  sha'l  see,  have  their  junction  hniited  to 
two  particular  cases,  which  we  shall  make  known  wIru 
treatins;  of  the  crvstaltization  of  this  substance. 

But  although  i:i  general  the  positions  in  grouped  crystals 
are  infinitely   variable,  v,  e   find,   on  a  closer  examination, 

*  Rome  de  I'ls'e  calls  them  maf.'«.  Bnt  this  name  being  already  applied 
to  a  very  commii;!  spe';ie?  i;f  m-neral,  I  have  tliought  proper  t-j  avoid  the 
double  application  of  ihe  rena. 

+  The  German  word  a  u^e  is  sonisilnes  used  to  desiguLie  a  group  of 
crystals. 

Z  3  that 
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that  they  are  suhjected  to  certain  laws  always  analogous  to 
those  ot  the  struciure;  and  that  these  crystals,  instead  of 
being  tumuiluously  precipitated  on  each  other,  have  in 
some  measure  concerted  their  arrangement. 
•  Let  us  also  on  this  occasion  choose  a  very  simple  exam- 
ple. Let  A  C  (fig.  46)  be  a  cube,  and  M  N  r  an  equi- 
lateral triangular  facet  produced  in  the  place  of  the  angle  A, 
in  virtue  of  a  decrenient  bv  one  range  round  this  same 
angle.  "Let  us  suppose  a  second  cube  modified  in  the  same 
manner,  and  fastened  to  the  former  by  the  facet  which  re- 
sults from  the  decrement  indicated.  We  shall  thus  have 
the  assortment  represented  by  fig.  47. 

We  may  now  conceive  that  one  of  the  two  cubes,  that 
for  example  which  is  placed  below,  is  increased  in  all  its 
dimensions,  except  at  the  places  where  the  other  forms  an 
obstacle  to  it.  ^\\  proportion  as  this  increment  becomes 
more  considerable,  the  upper  cube  will  be  more  and  more 
engaged  in  the  inferior  one,  and  it  may  even  finish  by  being 
entirely  masked  or  concealed  by  it.  We  observe  crystals 
efFeclually  sunk  into  each  other  at  various  depths  ;  but 
which  have  always  a  plane  of  junction  situated  like  a  face 
produced  by  a  decrement,  in  such  a  manner  that  the  two 
structures  follow  their  ordinary  progress,  each  on  its  own 
part,  the  length  of  this  same  plane,  which  serves  as  their 
respective  limit.  I  have  divided  cubes  of  fluated  lime  in- 
serted into  each  other;  and  I  have  remarked  that  the  la- 
minae of  each  extended  without  interruption,  until  suddenly 
stopped  by  the  common  plane  of  junction. 

The  example  now  quoted  relates  to  a  very  simple  and 
•\*ery  regular  law  of  decrement.  But  freqiicntly  the  laws 
which  determine  the  plane  of  junction  are  more  or  less  re- 
mute  from  this  simplicity,  and  there  are  a  few  which  are 
somewhat  extraordinary. 

When  two  prisms  cross  towards  the  middleof  their  axes, 
there  are  two  planes  of  junction,  which  unite,  crossii^g 
each  other  on  one  common  line,  as  we  shall  find  under  the 
article  slaiirotide,  and  both  these  planes  also  have  positions 
analogous  to  those  which  would  be  determined  immediately 
by  laws  of  decrements. 

To  conclude :  I  have  here  presented  the  results  af  but  a 
small  number  of  particular  observations.  I  propose  after- 
wards to  resume  the  subject  now  glanced  at,  and  to  give  a 
fuller  development  to  the  theory  of  whiph  I  think  it  sus- 
ceptible. 

[,To  becoutinued.] 

L.  An 
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L.  An  Exmnlnatlon  of  the  Review  which  appeared  in 
fheX]  llt.'i  Number  of'^  The  Retrospe  t,"  t^c,  of  Doctor 
Herschel's  E^'^ay  on  the  coloured  Mings  discovered  by 
Sir  Is.\AC  New  TON. 

To  Mr.  Tillcch. 

Sir,  JL  his  paper  is  transmitted  to  ynu  by  a  little  club  of 
friends  who  occasionaliv  meet  together  tor  con%'er-i ng  on 
philosophical  subject?,  and  who  suppose  that  what  is  now 
communicated  mav  be  made  welcome  to  a  place  in  your 
verv  impartial  and  valuable  Magazine. 

For  some  time  past  our  chief  object  has  been  to  consider 
more  particularly  of  the  progress  of  discovery  in  the  diffe- 
rent branches  of  physical  science,  by  the  increasing  ardour 
for  experimental  researches,  happdy  now  so  prevalent  both 
on  the  continent  and  in  our  own  country;  and  which  re- 
flects so  n)uch  lustre  on  the  present  times. 

Though  our  reading  is  pretty  extensive  in  original  and 
other  publications  of  this  sort  both  foreion  and  domestic, 
yet  it  was  not  till  lately  we  met  with  some  numbers  of  a 
periodical  work  called  "  The  Retrospect,'  &c.,  which  lirst 
appeared  a  few  years  ago.  From  the  plan  of  that  publica- 
tion and  its  high  pretensions,  as  stated  in  the  general  title, 
we  had  some  curiosity  to  dij)  into  it  ;  when  verv  soon  we 
found  our  attention  arrested  by  a  review  of  an  experimental 
essay  under  the  foUowins  title  ;  "  Experiments  for  inves- 
tigating the  Cause  of  the  coloured  concentric  Rings  (dis- 
covered by  Sir  Isaac  Newton)  between  two  Objcct-ulasses 
laid  unon  one  another,  ijy  William  Herschel,  LL.D., 
F.K.S.'" 

When  that  paper  first  appeared  in  the  Philosophical 
Transactions  of  the  Royal  Society  of  London,  we  well  re- 
member to  have  perused  it  with  high  satisfaction  ;  not  only 
on  account  of  the  remarkable  skill  discovered  by  the  author, 
in  bringing  fonvarj  ?iiany  new  and  curious  experiments 
leading  to  imjnirtant  conclusions,  but  also  because  ihe 
structure  of  the  whole  piece  appeared  to  us  as  an  example 
of  the  inductive  method  of  proceeding  in  natural  philosophy 
worthy  of  ranking  with  the  best  models  we  have  of  the 
kind. 

We  therefore  need  scarcely  mention  our  surprise  at  finding 
tliat  nothin<r  \\batever  of  tliat  subtile  and  elaborate  perfor- 
mance was  held  of  any  account  bv  the  writer  wi.o  turnished 
that  review  of  it  for  the  I3th  Number  of  The  Ketiospect. 

Though   to    those  who  have  studied  optics,  any  vindica- 
Z  i  tion 
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tion  of  the  experimental  essay  in  question  is  surely  unneces^ 
sary,  yet  it  may  not  be  amiss  to  do  somtlhinc!:  in  this  way, 
for  the  sake  of  disabusing  many  oihcr  vcrv  intfliigcnt  per- 
sons who  otherwise  might  be  misled  by  criticisms  as  c<nifi- 
denily  delivered  by  this  reviewer  as  they  appear  to  ns,  one 
and  all  of  them,  ill  founded. 

It  would  be  a  very  unlucky  issue  indeed,  especiallv  of 
experimental  researches,  when  pursued  by  a  man  of  Doctor 
Herschel's  abilities,  to  be  wholly  destitute  of  value.  Ne- 
vertheless this  reviewer,  as  has  been  already  noticed,  from 
the  beginning  to  the  end  of  his  lucubrations  on  the  essay, 
very  carefully  inculcates  that  it  ought  to  be  so  estimated. 

Though  we  are  far  from  questioning  the  right  of  private 
judgement,  especially  within  the  calm  precincts  of  philoso- 
phy, yet  we  are  of  opinion  that  fair  controversy  will  here 
always  reject  an  union  with  ihe  passions  ;  and  that  the 
love  ofrtruth  for  its  own  sake,  when  it  is  in  reality  the 
governing  principle,  will  sweeten  opposition,  and  join  to- 
gether antagonists  in  sincere  and  nmtual  esteem. 

Accordingly,  on  the  present  occasion,  from  the  many 
prefatory  eulogiums  on  the  author  of  the  essav,  wenaturally 
expected,  alang  with  any  power  of  argument,  gentleness 
and  decorum  on  the  part  of  the  reviewer,  when  exposing  the 
imagined  failures  of  a  person  who  has  done  so  much  for  sci- 
ence, and  who  in  every  view  of  his  character  was  so  highly 
entitled  to  consideration. 

In  place  of  that  deference,  however,  which  we  looked 
for,  and  which  certainly  woidd  in  no  way  have  weakened 
the  force  of  the  reviewer's  fancied  refutations,  the  very 
contrary  seems  to  be  indulged  in.  Every  thing  in  the  course 
of  his  strictures,  in  point  of  manner,  is  so  sour  and  super- 
cilious, and  so  totally  exclusive  of  approbation,  as  very  ill 
corresponds  with  any  measure  of  .complacency,  or  respect 
for  the  author  of  the  essay.  This,  when  confronted  with 
that  ample  store  of  compliment  and  encun)iums  which 
usher  in  the  strictures,  is  in  some  danger,  we  fear,  of  being 
viewed  by  many  as  a  very  gross  inconsistency  ;  and  so  far, 
perhaps,  the  reviewer  has  been  unfortunate  in  exposing  the 
cordiality  of  his  professions  to  some  degree  of  doubt. 

At  a  meeting  of  our  little  circle  lately,  this  wayward  sort 
of  see-saw  of  first  writing  an  author  so  handsomely  ?//>,  and 
then  inniiediately  so  completely  dow7i  again,  was  not  spared. 
One  observed,  tartly,  that  so  novel  and  incongruou:^  a  plan 
of  criticism  was, like  wrappini^  up  garlic  and  assafoenda  in 
verveil  and  rose  leaves  :  another,  that  he  never  yet  had  found 
the  sprinkling  of  lavender  or  Hungary   water  entirely  to 

countervail, 
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coimtervail,  when  anv  unsavoury  thing  had  got  behind  ihc 
wainscot:  a  third  fxclaimcj,  with  amre  archness  oF  man- 
ner, that  it  was  a  right  cunning  exptrinient,  and  by  all  the 
world  like  applying,  what  he  \vhini:iical!y  called,  a  nseta- 
physical  svphnn  to  the  merit  of  an  author;  bv  which,  iu 
the  first  instance,  the  merit  was  indeed  made  to  moutit  up, 
but  as  certainly,  added  he,  shaking  his  head,  to  wheel  round 
to  the  c-nlrary  direction  ;  till  by  detrreei  the  whole  stock 
should  be  dravvi\  off,  in  the  way  oi'  hocus-pocus,  bv  the 
prepfjjuierant  bias  in  the  longer  leg. 

But  to  interpo5.-e  a  little  in  favour  of  the  reviewer,  from  a 
wish  of  recoiiciliny;  appearances,  it  is  only  fair  to  consider, 
as  he  himself  indeed  ex[)ressly  warns  us  to  do,  that  whilst 
lie  was  blowing  so  warm  on  the  author  bv  paneevric,  yet 
so  miserably  cold  on  his  essav,  ahnost  in  the  same  breath, 
he  lav  under  a  conflict  between  hi?i  great  respect  for  Doctor 
Herschel  and  fiis  paramount  obligation  to  fiJeiitv,  when 
•delivering  his  awards  in  philosopliical  matters,  for  the  edi- 
fication of  the  public. 

It  comes  therefore,  in  the  rjext  place,  to  he  examined 
how  far  the  solidity  of  this  reviewer's  matter  can  justify 
that  fervour  of  his  critical  zeal  which,  on  the  present  oc- 
casion, has  led  him  to  be  so  fastidious  and  mao;istfriaI ; 
under  the  great  delusion,  as  it  should  seem,  of  his  beinrrso 
warranted  on  the  score  of  duty,  that  he  might  oivc  the 
greater  consequence  and  currency  to  his  critical  mamfcstos. 

For  prosecuting,  in  the  hopes  of  success,  a  subject  weil. 
known  to  be  important,  and  also  of  a  recondite  Uriture, 
Doctor  Herschel,  in  the  true  s|)irit  of  experimental  philo- 
s6phv,  conceived  that  every  thing  depended  on  a  full  dis- 
covery of  the  phaenomena  of  the  coloured  rings  he-treais 
of  in  his  essay,  as  far  as  they  could  be  traced  by  the  most 
diligent  and  varied  trials.  Before  he  entered  on  these  e?;pc- 
hnients  no  philosopher  !>ad  ever  seen  i)at  one  set  of  rin:is, 
namelv,  that  discovered  and  treated  of  l)V  S;r  l>iaac  New- 
ton. But  whilst  viewing  that  beautiful  appearance  a.>  pro-, 
duced  by  the  contact  of  the  famous  Huvrcnian  Icnbts 
Dr.  Herf.chel  detected  between  his  glasses  sevtril  other  sets 
of  coloured  rings,  which,  by  the  peculiar  construction  of  his 
apparatus,  weie  formed  at  the  same  tiiT\e.  'I'o  a  person 
then  emplovcd  as  he  was,  such  very  new  phrenomena  could 
not  but  be  deemed  most  worthy  of  atientinn.  Nor  will  it  h^ 
asserted,  alontr  with  the  reviewer,  by  anv  one  who  has  pre- 
tensions to  science,  that  to  examine  ti^.eir  nature  and  pecu- 
liarities could  be  of  no  avail.  The  IaqX  i^,  a-s  appears  from 
the  essay,  that  this  patient  and  acute  philosopher  ha-,  with 

remarkable 
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remarkable  success,  observed  those  new  sets  of  coloured 
rings  whilst  underiioing  a  variety  of  surprising  and  intricate 
changes,  all  of  which  he  has  reduced  to  order,  and  fully 
explained.  From  this  store  of  facts,  entirely  new,  he  has 
moreover  cstablis.hed,  beyoiid  all  contradiction,  the  fouf 
general  propositions,  in  pages  47  and  48  of  his  paper,  con- 
cerning the  formation  of  the  Newtonian  rings  themselves. 

This  reviewer,  however,  makes  very  short  work  in  de- 
claring the  whole  (jf  this  research  as  good  for  nothing.  For 
in  the  13th  Number  of  The  Retrospect,  page  24,  it  is  said, 
"  The  principal  novelty  of  those  experiments  appears  to  be 
the  unnecessary  complication  that  is  introduced  into  them; 
the  rings,  exhibited  by  a  series  of  successive  reflections,  are 
confessedly  repetitions  of  those  which  Newton  observed  in  a 
simpler  form  :  and  from  this  complication  Doctor  Herschei 
obtains  on\v  fumum  exjulgore."  Indeed  !  highly  decorous 
latinity  to  be  sure,  and  given  us,  by  way  of  boast,  in  an 
appropriate  character. 

We  can  scarcely  conceive  any  thing  more  unreasonable, 
or  less  worthy  of  a  serious  reply,  than  this  most  strange 
objection  to  such  a  detail  of  instructive  experiments  as  has 
been  just  alluded  to;  and  on  the  unnicaning  grounds  that 
the  rings  exhibited  by  a  series  of  reflections  are  unneces- 
sary complications,  because  repetitions  of  those  which 
Newton  observed  in  a  simpler  form.  .  For  on  that  very  ac- 
coant,  of  their  being  so  seen  by  a  series  of  reflections,  much 
knowledge  has  been  derived  concerning  the  nature  of  all  the 
rings.  This  has  been  most  particularly  and  clearly  shown 
in  the  essay. 

Had  this  reviewer  lived  in  the  days  of  the  celebrated 
Hadley,  the  inventor  of  that  noble  instrument  known  all 
over  the  world  by  his  name,  he  surely,  according  to  his 
seeming  capacity  of  judging  of  matters  of  this  kind,  would 
have  thought  Hadley  very  idly  employed  in  having  to 
do  with  the  moOn  and  star's  by  nieans  of  reflections, 
when  to  be  seen  at  a  sin^rle  glance  in  the  reviewer's 
simpler  form  :  and  yet  it  is  well  known  that  by  the  aid  of 
seeing  these  luminaries  by  reflections  a  great  object  was  ac- 
complished, for  the  benefit  of  mankind,  by  the  construc- 
tion of  the  sea  quadrant.  Or  let  us  ask  the  reviewer,  what 
is  the  case  when  viewing  distant  objects  through  a  tele- 
scope? Here  aUo  we  find  that  by  having  availed  ourselves 
of  a  little  of  that  complication  so  decried  by  the  reviewer, 
and  of  images  formed  by  reflections,  we  see  much  further, 
and  much  better,  than  he  could  do  by  looking  at  the  same 
things  in  their  simpler  form  as  he  calls  it;  that  is,  without 

the 
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the  help  of  the  telescope.  The  simplest  of  all  simple  Tornis 
the  reviewer  will  adnnt  is  that  of  the  sphere  :  vet  Archi- 
medes, when  invtrstigating  several  curious  properties  of 
that  solid,  doubtless  emploved  many  reflection?;  and  tiie 
reviewer  might  impugn  the  demonstratioiis  of  that  sreome- 
irician  as  imnecessai  v  complications,  with  as  much  justice 
as  he  has  done  Doctor  i^trsch^l's  prv)ofs  proccedino;  frosn 
reflections  also,  both  mental  and  optical.  In  short,  what 
is  found  in  the  foregoing  quotation  is  so  fiimsv  as  to  dtijar 
all  philosophical  discussion,  and  cannot  be  gravely  replied 
to. 

Another  of  the  strictures  is  the  following  :  (Retrospect, 
page  23,  line  4,  from  bottom  ;  when  the  reviewer,  speaking 
of  Dr.  Herschel's  essay,  says,)  *'  We  cannot  consider  it  hv 
any  means  as  adding  to  the  value  of  those  treasures  of  sci- 
ence, which  have  in  the  course  of  vears  been  accumu- 
lated in  the  Pliilcsophical  Transactions."  The  rtader  need 
not  1  e  here  told  how  much  those  justlv  celebrated  volun>..s 
have  derived  their  iinportance  by  recording  knowledge  sup- 
ported bv  experience  as  science  in  its  best  form.  In  replv, 
therefore,  to  the  passage  just  now  rjuoted,  we  shall  have  an 
opportunity  of  entering  a  little  more  particularly  irto  the 
nature  of  Doctor  Herschel's  experiments  and  proofs,  by 
putting  a  few  questions  to  the  reviewer. 

Considerin<i;  the  avowed  importance  vi'  the  sulject,  is  it 
not  an  addition  to  our  stock  of  knowledge  lo  have  been 
made  acquainted  with  many  different  ways  of  obtainir2:  a 
siiiht  of  these  coloured  rings  ;  not  only  by  means  of  glasses, 
but  of  nietals  ?     See  the  essay,  articles  l,  e,  3. 

Is  it  not  an  addition  to  our  stock  of  knowledge  to  have 
discovered  and  shown  that  the  colours  of  these  diHerent  scii 
of  rings  are  alternate  i  (see  article  14,)  and  to  have  ex- 
plained ih2  cause  of  that  alternati'.n  ?     See  article  I7. 

Is  it  not  an  addition  to  our  stock  of  kno.\  kdjie  lo  have 
shown  that  the  colour  of  the  rings,  as  we'd  as  their  size, 
can  be  suddenly  changed,  accordniii  to  an  invariable  law, 
by  the  interposition  of  shadows?  (see  article  15.)  and  to 
liave  explained  the  cause  ot  these  chanires  ?    See  article  18. 

Is  it  not  an  addition  to  our  stock  of  knowledge  to  iiave 
proved  also  bv  experiments,  the  four  propositions  in  pa^cs 
47  and  48  of  the  essay,  relatinir  t«)  the  action  of  the  several 
surfaces  as  contrlbaiing  to  the  formaiion  of  the  colouicd 
rings  ? 

Is  it  not  an  addition  to  our  stock  of  knowledne  to  have 
shown  that  from  a  poiished  metalline  speculum  we  can  ob- 
tain most  beautiful  coloured  irises  r     Sce-aiticle  33. 

U 
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Tf  the  revie'.ver  still  continues  his  negative  to  those  ques- 
tions, his  notions  of  knowledge  and  science  must  be  of 
some  very  peculiar  conformation. 

P\irther,  \v\  The  Retrospect,  pages  23  and  24,  it  is  said: 
*'  Doctor  flerschel  seems  to  have  confined  his  study  of  the 
phcenomena  of  light  almost  entirely  to  the  works  of  New- 
ton." Ar.d  was  not  his  doing  so,  in  this  paper,  highly 
proper;  when, he  was,  by  experiments,  investigating  the 
cause  of  the  coloured  rings  discovered  by  Newton  ?  It  is 
immediately  added,  "  not  thinking  it  worth  his  while  to 
in(]aire  whether  the  last  hundred  years  had  produced  any 
thing  deserving  his  attention  ;  and  taking  it  also  for  granted, 
that  little  or  nothing  was  known  before  him,"  8cc.  This, 
and  some  other  morsels  of  the  like  sort,  which  are  passed 
over,  nearly  rival  in  elegance  the  rc\'\e\\'ex^s J umiwi ,  &c. 
But  as  nothing  whatever  is  to  be  found  in  the  essay  that 
can  show  what  the  author  takes  for  granted,  we  are  quite 
at  a  loss  in  conjecturing  who  has  let  the  reviewer  into  that 
secret. 

Again,  in  The  Retrospect,  p.  24,  line  6,  it  is  said,  '^  But, 
in  fact,  the  colours  of  those  jjjatcs  were  by  no  means  the 
discovery  of  Newton;  they  have  been  described  with  great 
accuracy  by  the  ingenious,  but  too  much  neglected.  Doctor 
Hook."  Here  the  reviewer  discovers  a  laudable  sympathy 
and  concern  for  departed  merit;  but  we  find  nothing  in  the 
essay  which  could  induce  him  thus  to  conjure  up  the  shade 
of  that  philosopher.  The  tendency  of  the  passage  last  quo- 
ted, thouiih  it  cannot  be  supposed  intentional,  is  to  fasten 
a  charge  of  ignorance  on  the  author,  as  if  he  liad  ever 
maintamed  that  the  phseuomena  of  these  coloured  thin, 
plates  were  the  discoveries  of  Newton.  The  author  in  his 
essay  has  never  alleged  any  such  thing.  He  has  said,  in- 
deed, and  truly,  both  in  his  title  and  elsewhere,  that  the 
coloured  rings  were  discovered  by  Newton.  This  it  is  well 
known  Newton  did  by  making  use  of  prisms,  and  at  last 
object-frlasses,  brought  into  contact.  See  Newton's  Opiicks, 
hook  II.,  part  I.  (jl)servations  2,  3,  4. 

Again,  in  Retrospect,  page  24,  wc  find  as  follows  :  "  The 
experiment  made  by  strewing  particles  ot  hair-powder  in  a 
sunbeam,  is  still  more  unconnected  with  the  question." 
'i'he  most  evident  and  close  connection  of  that  experiment 
with  the  subject  will  be  best  seen  by  Doctor  Herschel's 
own  w ords  ;  when  it  is  considered  that  he  was  then  brini;:- 
inc-  his  proofs  from  experiment  to  bearagaiust  the  existence 
of'the  fits  of  easv  reflection  and  easy  transmission  of  light. 

As  a  reason  for   pronouncing  that  experiment  uncon- 
nected 
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fiected  with  the  question  the  reviewer  adds :  "  Because  the 
ravs  of  liiiht  undergo  certain  flections  ajid  modifications  in 
the  nciiihl)yurhood  of  bodies  near  which  thev  pass,  it  surely 
does  not  follow  that  they  are  not  lial^le  to  other  moditica- 
tions  at  the  jurfaces  of  transparent  bodies.  In  fact,  these 
colours  are  identical  with  those  of  the  corona  described  by 
Mr.  Jordan  and  other  authors." 

The  reviewer  must  have  been  slumbering  when  he  would 
have  the  reader  to  believe  Doctor  Herschel  had  still  to  learn 
from  him  that  light  mav  be  liable  to  modifications  at  the 
surfaces  of  transparent  bodies  ;  since  the  close  investifiation 
of  those  very  modifications  makes  the  sole  business  of  Doc- 
tor Herschel 's  essay,  from  the  beginning  till  very  near  the 
end.  This  hvpothesis  of  the  reviev\er's  inattention  is  further 
cxHifirmed  bv  what  is  immediatelv  added  in  the  conclu- 
sion of  the  last  quotation.  There  the  originality  of  the 
experiment  alluded  to  has  wholly  escaped  him  ;  ior  he 
mentions  it  as  nothing  but  what  had  before  been  familiar  to 
Mr.  Jordan  and  other  authors. 

But  to  proceed  :  The  proofs  which  the  author  has  brought 
forward  against  the  existence  of  the  fits  of  easy  reflection 
and  easy  transmission  of  light  are  detailed  in  the  3 Ist  and 
3i?d  articles  of  his  essay,  and  may  be  considered  as  the 
most  important  patt  of  it ;  as  leading  on  to  new  views 
and  improvements  of  Sir  Isaac  Nev\  ton's  philosophy  of 
light  and  colours. 

Let  us  therefore  next  see  what  the  reviewer  has  given  us 
about  this.  The  quotation  is  from  the  24th  paee  of  Tlie 
Retrospect.  "  We  do  not  wish  to  be  considered  as  stre- 
nuous defenders  of  the  Newtonian  fits  of  easy  transmission 
and  easy  reriection  ;  but  we  will  venture  to  uiaintain  that 
Doctor  Herschel  lias  advanced  no  one  argument  that  can 
have  any  weight  in  lessening  the  probability  of  their  ex- 
istence." And  in  five  lines  further  on,  it  is  added  :  '•  Nor 
had  Doctor  tierschel  any  reason  to  expect  a  sensible  chancre 
in  the  appearance  of  the  rings,  when  they  were  viewed 
ihrouoh  the  wedges  of  air  and  olass  which  he  describes, 
since  those  wcdtres  were  much  too  thick  to  produce  any 
observable  colours  in  while  liiht,  and  for  the  same  reason 
too  thick  lo  produce  any  perceptible  interruptions  in  the 
rings*;  the  effects  of  the  interruptions  of  two  portions  of 
light,  differing  but  very  little  in  refrangibiiity,  being  so  dif- 
ferent as  to  counteract  each  other," 

Now  reallv  in  the  whole  of  this,  till  we  come  to  thea^^e- 
risky  there  is  nothing  to  be  found  in  the  form  of  argument. 
That  the  wedges  described  by  Doctor  Herschel  were  mucu 

too 
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too  thick  cannot  surely  be  admitted  on  the  reviewer's  ipstf 
dixit.  This  position  oinj;ht  lo  have  heen  cstahHshed  by 
some  proof,  not  b\-  naked  assertion  ;  since  the  author,  in 
bis  paper,  had  so  niinnlely  shown  that  the  thickness  ot"  his 
wcdees  was  such  a-,  to  warrant  his  coacKi.sions.  The  truth 
is,  that  the  reviewer  b-ere  contradicts  no'  Doctor  IJcrschel, 
but  Sir  Isaac  Newton,  who  has  proved  liat  phites  ot"  air 
between  his  object-glasses,  as  thick,  and  a  i-eat  deal  thicker 
than  many  to  be  found  in  Doctor  Herschei's  wedges,  will 
produce  observable  changes  in  while  light. 

Newton,  in  l:is  Opticks,  edition  172J>  page  178,  de- 
termines experimentally  the  thickness,  in  pirts  ot"  an  inch, 
ot"  his  plates  of  air  at  the  first,  second,  third,  fourth, 
fifth  &c.  rmir,  as  respectively  equal  to  a  fraction  whose 
constant  denominator  is  17&000,  and  the  numerator  ac- 
^cordiog  to  the  series  1.3.5.7.9,  Sec.  These  were  the  thick- 
nesses of  the  respective  plates  of  air  between  his-  object- 
glasses,  when  his  eye  was  placed  perpendicularly  in  the 
axes  of  the  rings.  ,  Further,  in  page  179,  he  determines  all 
these  different  thicknesses  when  b.e  viewed  the  rings 
obliquely.  By  his  tabk,  given  ui  in  ihat  page,  it  appears 
that  any  individual  ring  ot  a  given  diameter,  wjth  a  certain 
thickness  of  air  at  that  place,  will,  \vhen  seen  in  the  most 
oblique  position,  be  increased  35  times  in  diameter,  and 
that  the  thickness  of  the  plate  of  air  at  the  same  place  will 
be  increased  I'^-iJ^  times. 

As  to  the  number  of  rings  which  can  be  perceived  and 
counted,  Neu  ton  mentions  that,  unJ^-r  favourable  circum- 
stances, he  has  sometimes  seen  more  than  twenty  of  them  ; 
and  m  the  usual  way  eight  or  nine.  But  even  supposing 
we  could  see  none  bevond  the  limits  of  the  eighth  ring,  the 
question  before  us  is,  what  would  be  the  thickness,  ac- 
cordins  to  Newton,  of  the  plate  of  air  at  that  place  ?  This, 
when  the  eighth  ring  is  seen  perpendicularly,  with  the  ob- 

"  .  15  . 

tect-o-lasses  which  Newton  used,  will  be   ,»c.;7:,^^'^'^0''^"^S 

V  ^  1  ^  o'XJU 

to  the  foreofoimr  progression  of  the   fractional  nun>crators  ; 

,      L        ""        '^.r   ^    T      15  X  1225  18J75  , 

and  when  seen  obliquely  -j^^coq— equal  to -^g-^  — equal 

♦o parts  of  an  inch,    .^ere  then  we  have  the  authority 

yep  ^ 
of  Sir  Isaac  Newion  for  sayinn;  that  a  ring  will  be  formed 
and  perceivable  when  light  passes  through  a  plate  of  air  of 

-  -.  The  reviewer  will  not  deny  that  the  production  of  a 
S^9  .      . 

hns;  is  a  change  made  on  while  light. 

°  Nov/ 
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Now  the  thickness  of  Doctor  Herschel's  plate  of  air  or 
wedge  at  its  greatest  opening  is  stated,  in  his  paper,  to  be 

>, —  part  of  au  inch.  This  wedffc  was  5'Q  inches  in  length; 

and  an  easy  calculation  will  show  that  from  the  sharp  end, 
forward  for  three  inches,  the  thickness  (increasing  from 
zero  all  the  way)  did  not  exceed  that  determined  as  above 
by  Newton.  This,  it  is  presumed,  will  be  sufficient  to 
show  that  Doctor  Herschel's  wedge  of  air  was  thin  enough 
for  his  purpose  ;  and  that  any  individual  ring  of  a  secondary 
set,  when  seen  within  three  inches  from  the  sharp  end, 
must  appear  brok-en  or  interrupted  in  such  parts  as  let 
through  the  rays  of  its  own  colour,  granting  they  were  in 
fits  of  easy  transmission  at  their  incidence  on  the  under- 
most plate  of  the  wedge. 

But  it  might  have  been  assumed  that  12  rings,  instead 
of  8,  may  be  rendered  perceivable  by  Newton's  object- 
glasses  ;  in  which  case  the  thickness  of  the  plate  of 'air  a£ 

that  place  will  be  ^-7-  paTts  of  an  inch,  which  is  greater  than' 

the  greatest  opening  of  Doctor  Herschel's  wedge. 

Let  us  now  return  to  the  last  quotation  froniThe Retro- 
spect;  in  order  to  consider  the  import  of  The  two  lines 
which  follow  the  asterisk.  There  we  meet,  for  the  first 
time  in  the  whole  course  of  the  strictures,  wifh  somethino" 
having  the  form  of  an  argument.  The  reviewer  tries  to 
prove  that  certain  counteractions  will  take  place  to  prevent 
the  breaks  or  interruptions  of  the  secondary  rintjs  from 
being  perceivable,  because  the  wedge  of  air,  in  his  opinion, 
is  much  too  thick.  But  ihouoh  we  certainly  should  have 
welcomed  any  opportunity  of  philosophical  discussion  on 
a  topic  of  this  kind,  yet  we  are  oblitjed  to  declare  that,  after 
having  repeatedly  and  carefully  endeavoured  to  catch  the 
meaning  of  these  two  lines,  they  appear  to  us  altogether 
unintelligible  ;  and  we  are  persuaded  they  nuist  be  so  judofed 
of  by  every  one  conversant  about  optics.  We  are,  how- 
ever, far  from  saying  that  the  reviewer  had  not  in  his  miiul 
some  meaning  or  other  which  bore  on  him,  very  cogently, 
in  support  of  such  counteractions  :  but  surely  he  must  have 
thought  very  highly  of  his  powers  of  elucidation,  if  he  really 
expected  in  the  compass  of  two  lines  to  enliohten  his 
readers,  and  establish  his  conclusions,  on  a  point  of  this 
kind.  But  as  these  his  conclusions,  by  his  own  admis- 
sion, depend  on  Doctor  Herschel's  wedges  being  much  too 
thick,  the  contrary  of  which  has  been  made  evident,  it 
cannot  be  expected  that  such  supposititious  and  imaginary 

counteractions 
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counteractions  are  to  set  aside  Doctor  Hcrschd's  proofs  de- 
tUiccd  froni  facts.  At  ihe  sanie  time,  conkl  the  reviewef 
liave  made  scime  stand  on  this  i:rnund,  and  had  he  conde- 
scended to  have  illustrated  inielliu'iljly  tlie  sources  of  his 
contradiction,  we  should  have  respected  such  an  instance 
ol'  phdosuphical  scrutniy  and  such  an  invitation  to  candid 
dibquisitiun.  But  in  place  ol  that,  this  reviewer  all  of  a 
suddtn  chyoses  to  envelop  h)niselt  in  that  smoke  he  has 
sojeady  at  comnwnd  ;  and  so  vanishes  in  a  cloud  of  abor- 
tive and  fathomless  opinions. 

1\)  conclude  :  It  is  well  knou'n  that  the  fits  of  easy  re- 
flection and  easy  iransniission,  imputed  to  the  rays  of  light 
bv  Sir  Isaac  Newon,  have  long  been  considered  as  a  part 
ot  his  philosopliy  in  some  measure  doubttul.  In  the  essay  at 
present  under  consideration,  the  author  has  the  merit  of 
Jhrmally  brinaing  this  celebrated  theory  to  the  only  test 
which  can  finally  determine  its  pretensions,  and  set  so  im* 
portant  a  question  for  ever  at  rest.  If,  w  hen  thus  sifted  by 
a  more  enlargvd  experience,  and  by  so  skilful  a  hand,  it  has 
been  reserved  for  Doctor  I-ierschLl  to  show  its  fallacy,  yet 
no  aenerous  mind  will  be  disposed  t()  grudge  him  that  suc- 
cess, or  to  venerate  the  less  the  name  of  Newton,  thouiih 
one  of  his  most  earnest  and  most  illustrious  followers  has 
kfo  improved  his  philosophy,  even  by  clearing  it  of  his.  own 
mistakes:  any  advances  of  this  kind,  even  at  snch  a. price, 
we  cannot  doubt  would  have  been  hailed  by  Newton  himself. 
That  truly  great  and  excellent  person  had  far  more  wisdom 
as  well  as  humility  than  to  harbour  the  weak  and  prepos- 
terous ambiiicm  of  being  accounted  infallible  as  a  mori'al. 
Any  lap.-es,  however,  tliat  can  be  ascribed  to  him,  figure 
only  as  small  spots  do  on  the  aie,rid.ian  sun,  considering 
that  effulgence  of  science  struck  out  o'i  darkness  by  the 
sublimity  of  bis  genius,  atid  which  he  has  bequeathed  to 
mankind.  In  the  present  instance,  whatever  new  scion  is 
destined  to  adorn  the  philosopiiy  of  light  and  colours,  in 
consequence  of  the  advances  now  maae  by  Doctor ,Her- 
schel,  one  thing  is  certain,  that  it  must  derlye  its  vital 
growth  bv  being  grafted  on  that  tree  of  knowledge  still 
sound  at  the  core,  lirst  planted  by  the  hand  of  Newton,  and 
which  cannot  but  ever  endure  and  flourish,  to  be  beheld  by 
all  eves  as  one  of  the  monuments  of  his  uKmv  1 
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LI.  Experments  on  Ammonia,  avd  an  Account  of  a  new 
Method  of  analysivg  it,  hy  Comlnistion  ivUli  Oxygen  and 
other  Gases',  in  a  Letter  to  Humphry  Davy,  Esq.y 
Sec.  R.S.^c,  from  William  Henry,  M.D.,  F.RS. 
K  P.  of  the  Lit.  and  Phil.  Society,  and  Physician  to 
the  iTifiimary  at  Manchester  *. 

MY  DEAR  SIR  f, 

X  SHOULD  sooner  have  communicatee;!  the  account,  whicli 
you  are  so  good  as  to  request,  oF  my  further  experiments 
on  the  decompostion  ot"  annnonia,  if  1  had  not  been  anxious 
to  obtain,  bv  frequent  and  careful  repetition  of  them,  re- 
suhs  not  affected  by  any  of  those  numerous  causes  of  error, 
which  easily  insinuate  themaeives  into  processes  of  so  much 
delicacy.  You  have  already  been  informed  that  the. fact, 
which  I  lately  mentioned  to  you,  (tending  to  prove  the  ex- 
istence of  oxygen  as  an  element  of  the  volatile  alkali,  bv 
the  discovery  of  oxygen  gas  in  the  products  of  its  analysis,) 
is  not  entitled  to  confidence,  owing  to  the  admission  of  a 
small  quantity  of  atmospherical  air  m  a  way  which  was  rvot 
at  all  suspected.  Frequent  repetitions  of  the  same  pr'ocess, 
under  circumstances  wholly  unobjectionable,  have  fully  sa- 
tisfied me  that  no  portion  whatsoever  of  oxygen  gas  is 
evolved  by  electricity  from  ammonia  even  when,  by  means 
of  an  apparatus  constructed  for  the  purpose,  the  only  me- 
tallic surface  exposed  to  the  gas  consists  of  the  sections  of 
two  platina  wires,  each  l-5<iih  of  an  inch  in  diameter,  the 
wires  themselves  being  inclosed  in  glass  tubes  which  are 
sealed  hermetically  round  them,  and  then  ground  away, 
so  as  to  expose  only  the  points.  Nor  does  any  difference 
in  the  nature  of  the  products  arise  from  electrifying  th.e  iras 
either  under  increased  or  diminished  pressure,  the  latier  of 
which,  it  appeared  to  me  probable,  from  the  known  in- 
fluence of  elasticity  in  impeding  lite  combination  of  gaseous 
bases,  might  prevent  the  oxygen  of  the  alkali  from  uniting 
with  hvdrogen  to  form  water,  and  occasion  the  expansion 
of  both  into  the  state  of  gas. 

Having  failed,  therefore,  to  acquire,  in  this  way,  proof 
of  the  existence  of  oxygen  in  the  volatile  alkali,  I  was  next 
led  to  seek  for  some  unequivocal  mod»  of  evincing  the  pro- 

*  From  Philosophical  Transactions  for  J  809. 

•j-  This  letter,  in  its  original  form,  was  read  to  the  Society  May  18,  1809, 
some  new  observations  were  added,  and  some  corrections  furnished  by  the 
author,  in  consequence  of  subsequent  experiments  made  in  June;  it  was 
transmitted  to  the  secretary  for  publication  July  10. 
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duction  of  water  by  the  same  operation ;  a  fact,  which  vvouhl 
1)6  scarcely  less  satisfactory  in  establishing  oxygen  to  be 
one  of  its  constituents,  than  the  actual  separation  of  oxy- 
gen gas.  The  most  careful  observation  of  ammonia,  during 
and  after  the  a<xcncy  of  electricitv,  does  not  discover  the 
smallest  perceptible  quantity  of  moisture.  In  'Kder,  there- 
fore, to  subject  the  gas  to  a  satisfactory  test,  I  had  recourse 
to  the  following  contrivance  : — Ammoniacal  gas,  1  had  pre- 
viously found,  may  be  so  far  desiccated  by  exposure  to 
caustic  potash  as  to  show  no  traces  of  condensed  moisture, 
on  the  inner  surface  of  a  thin  glass  vessel  containing  it, 
when  exposed  to  a  cold  of  0°  Fahrenheit ;  though  the  re- 
trent  gas,  by  the  same  treatment,  is  made  to  deposit  water 
in  the  state  of  a  thin  film  of  ice.  A  glass  globe,,  of  the 
capacity  of  between  two  and  three  cubical  inches,  was  filled 
with  gaseous  ammonia,  which  was  then  dried  by  sticks  of 
pure  potash,  fastened  to  pieces  of  steel  wire,  so  that  they 
could  be  withdrawn  after  having  exerted  their  full  action. 
This  point  of  dryness  was  ascertained  by  applying  ether,  or 
a  mixture  of  snow  and  salt,  to  the  outside  of  the  globe. 
By  means  of  a  peculiar  apparatus,  the  gas  was  next  stronglv 
electrified,  and  the  cooling  power  was  again  applied  to  the 
outer  surface  of  the  globe. 

In  the  first  trials  that  were  made  with  this  apparatus 
water  certainly  seemed  to  Imve  been  formed  by  the  elec- 
trization of  the  alkaline  gas ;  for  the  savne  portion  of  gas, 
which  was  not  affecteil  by  a  freezing  mixture  before  the 
process,  gave  evident  signs  of  condensed  moisture  when 
the  cooling  power  was  applied  after  long  continued  elec- 
trization. The  apner.rance  was  not  only  quite  satisfactory 
to  myself,  but  to  Mr.  Dalton,  and  several  other  chemicar 
friends,  to  whom  I  showed  the  experiment.  Findi;ig,_ 
however,  that  the  appearance  varied  as  to  its  degree,  I  v/as 
induced  to  repeat  the  process  with  redoubled  precaution  ; 
tilling  the  globe,  previously  heated,  with  hot  mercury,  and 
drying,  not  onlv  the  quicksilver,  but  the  iron  cistern  which 
contained  it,  by  expt;sure  to  long  continued  heat.  The 
electrified  gas  now  i)elrayed  no  signs  of  moisture  on  the 
application  of  a  temperature  20°  of  Fahrenheit,  and  D;ave 
only  the  smallest  perceptible  traces  by  a  cold  of  0^  or  a 
'i^ew  degrees  below.  I  cannot  help  suspecting,  therefore, 
that  the  moisture  manifested  in  the  earlier  experiments  was 
derived  irom  the  mercury  or  from  some  extraneous  source, 
/.'and  was  not  generated  by  the  action  of  electricity  *. 

•  It  may  be  objected,  I^m  aware,  that  as  tlie  gases  prodijced  fram  am- 
*;c;iin  ai«»  nearly  double  its  oii^iual  bulk,  they  rasy  hold  ia  combination 

any 
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The  avidity  with  which  ammonia  retains  moisture,  and 
again  absorbs  it  when  artificially  dried,  Is  very  remarkable. 
A  conHned  quantity  of  common  air  may  be  completely  de- 
siccated, in  the  space  of  a  few  minutes,  by  pure  potash,  or 
by  muriate  of  lime ;  so  that  no  ice  shall  appear  in  the  inner 
surface  of  the  containing  vessel  when  exposed  to  a  cold  of 
—  26^  of  Fahrenheit.  Bui  ammonia  requires  exposure 
during  some  hours  to  potash,  to  stand  the  test  even  of  0° 
Fahrenheit ;  and  a  single  transfer  of  the  dried  gas,  through 
the  mercury  of  a  trough  in  ordinary  use,  again  communi- 
cates moisture  to  it.  Muriatic  acid  gas,  freed  merely  from 
visible  moisture,  deposits  no  water  at  the  temperature 
of  26^  Fahrenheit.  This  is  probably  owing  to  its  strong 
affinity  for  water;  for  electricity,  after  the  full  action  of 
muriate  of  lime,  evolves,  as  I  have  lately  ascertained,  about 
l-35th  its  bulk  of  hydrogen  gas;  the  recent  muriatic  acid 
gas  giving  about  l-14th  after  the  same  treatment*. 

From  the  average  of  a  great  number  of  experiments  on 
the  decomposition  of  ammonia  by  electricity,  I  was  for 
some  time  led  to  believe  that  you  had  rather  under-stated 
the  proportion  of  permanent  gases  obtainable  from  it  by 
this  process  (viz.  108  measures  of  permanent  gas  from  6o 
of  ammonia,  or  ISO  from  100).  For  the  most  part,  I  had 
found  the  bulk  of  ammonia  to  be  doubled  by  decomposi- 
tion, even  when  the  gas  was  previously  dried  with  extrenie 
care.  In  one  instance  a  small  bit  of  drv  potash  was  left  in 
the  tube,  along  with  the  ammonia,  during  electrization, 
with  the  view  of  its  absorbing  water,  which  1  supj^ised  at 
that  time  to  be  generated  by  the  process.     In  this  case,  59 

any  water  that  mav  have  been  generated  by  electricity.  But  though  this 
supposition  may  explain  the  nun-appearance  of  visible  moisture,  it  does  not 
account  for  the  inetficiency  of  a  powerful  cooiing  cause  to  discover  traces  of 
watery  vapour ;  for  thisii  a  lest  vviiich  renders  apparent  vervminute  q^uan- 
tities  of  water  in  gases. 

•  In  a  course  of  experiments,  which  I  have  described  in  the  Philosophical 
Transactions  for  ISOt),  it  appeared  that  muriatic  acid  gas,  after  being  dried 
by  muriate  of  lime,  gave  nearly  as  much  hydrogen  br  electrization  as  p^» 
which  had  not  been  thus  exposed.  I  was  not  however  K'vare,  nt  that  timje, 
of  the  eKtrcnie  caution  necess:a"y  in  experimeiits  of  this  kind  ;  and  was  sa- 
tisfied with,  transferring  the  acid  gas  from  a  large  vessel,  in  which  it  had 
been  dried,  into  the  electrizing  tube,  a  mode  of  proceeding  v.'!uch  I  now 
find  to  be  quite  inadmissible.  The  action  of  muriate  ot  lime,  -frhich  has 
uudergone  fusion,  on  muriatic  acid  gas,  is  rendered  very  sensible,  ■wh«B^ 
considerable  quantities  are  used,  by  the  evolutirm  of  m;ich  heat,  and  by  a 
diminution  of  the  volume  of  the  gas.  Ammonia  also  is  contracted  in  buJJc 
by  dry  caustic  potash.  Munate  of  lime  cannot  be  employed  for  its  desic- 
cation, since  this  substance  rapidly  absorbs  the  alkaline  gas,  even  when  the 
gas  bas  been  previously  exposed  to  quicklime.  In  this  case  the  ammonia 
attracts  a  portion  of  muriatic  acid  from  the  earthy  salt  agreeably  to  thelavr 
OX'  a&aity,  which  has  been  eo  ably  illustrated  by  fierthollet. 

A  a  2  treasures 
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measures  (each  =  10  grains  of  mercury)  became  1 1,5,  The 
following  table  shows  the  expaiision  of  various  cjuantities 
of  anrjn)onia. 
'  Exp. 

'].'   60  measures  of  ammonia  gave  permanent  gas  112' 

2.  60              -                 -          "     -                 -  120 

3.  59  (potash  being  left  in  the  tube)          -  115 

4.  55               -                  -                 -                  -  115 

5.  75  (under  the  pressure  of  half  an  atmosphere)  150 

6.  65               -                 -                  -                 -  ISO 

7.  ()b               -                 -                  -                  -  130 

8.  53  (one  of  the  conductors  being  of  Steel  wire)  106 


•  492  978 

and  492  :  978  :  :  100  :  195-7  8.  These  proportions,  you 
will  (^nA,  coirespond  very  nearly  with  those  long  ago  stated 
bv  Bcrtiioilet*,  who  converted  17  measures  of  ammonia 
by  electrization -into  33  measures  of  permanent  gas,  which 

,  is  at  the  rate  of  194  from  100.  Having  lately,  however, 
carried  on  the  process  with  the  observance  of  additional 
precaution,  (the  mercury  being  first  boiled  in  the  tube,  be- 
fore admitting  the  ammonia,   and  still  remaining  hot  when 

'.the  gas  was  passed  up,)  I  have  obtained  from  the  alkali  les:> 

Tf'than  double  its  volume  of  permanent  gas,  viz.  280  measures 
from  155,  or  at  the  rate  of  190-6  from  100.  The- varia- 
bleness of  the  first  set  of  results  arises,  I  believe,  from  the 

G uncertainty  of  the  quantity  of  ammonia  decomposed.  For 
if  the  smallest  portion  ot  moisture  remain  in  the  tube,  a 

>'  little  ammoniacal  gas  will  be  absorbed,  and  will  be  slowly 
given  out  again  as  the  electrization  goes  on,  thus  rendering 
the  actual  quantity  submitted  to  experiment  greater  than 
appears.  It  is  probable  also,  from  a  fact  which  I  shall  af- 
terwards state,  that  mercurv  itself,  unless  when  heated,  may 
absorb  a  small  portion  of  alkaline  gas. 

The  proportion  of  the  hydrogen  and  nitrogen  gases  to 
each  other  in  the  products  of  ammonia  decomposed  by 
electricity,  I  am  satisfied  by  recent  experiments  (June  I8O9) 
is  as  nearly  as  possible  what  you  haye  determined,  viz. 

^  74  measures  of  hydrogen  gas  to  26  of  nitrogen.  The 
nearest  approximation  I  have  made  to  these  numbers  is 
73-75  to  26-25.  Our  only  n)ethod  of  analysing  mixtures 
of  these  two  gases  (viz.  by  combustion  with  a  redundancy 
of  oxygen)  is  not,  1  believe,  sufficiently  perfect  to  afford  a 
nearer  coincidence. 

The  extreme  labour  and,  tediousness  of  the  decomposi- 

*  Journal  de  Physique y  1786,  H.   176. 

tion 
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tlnn  of  ammonia  by  electricity  influenced  me  to  attempt 
the  discoverv  of  a  shorter  and  niore  snmmjry  method  r)f 
analysis.  The  most  obvious  one  was  its  decom^position  by 
oxyrauriatic  acid  gas;  but  this  plan  was  abandoned,  from 
the  injpossibility  of  confining  both  the  gases  by  any  one 
fluid  ;  since  the  water  acts  powerfully  on  the  one,  and  mer- 
CUP,'  on  the  other.  But  a  mixture  of  oxygen  and  ammo- 
niacal  Erases  more  than  answered  mv  expectations.  When 
mingled  in  proper  proportions,  these  gases,  I  have  ascer- 
tained, may  be  detonated  over  mercury  bv  an  electric  spark, 
exactly  like  a  mixture  of  vital  and  inflammable  air :  and 
the  results  of  the  process,  with  due  attention  to  the  cir- 
cumstances, which  will  soon  be  stated,  atlf'ord  an  easy  and 
precise  method  of  analysing,  in  the  space  of  a  iew  minutes, 
considerable  quantities  of  the  volatile  alkali.  With  a 
greater  proportion  of  pure  oxygen  gas  *  to  aajmonia  tbaa 
that  of  three  to  one,  or  of  ammonia  to  oxygen  than  that 
of  three  to  I'-i^  the  mixture  cca?es  to  be  conibustible. 
When  the  proportions  best  adapted  to  indammation  are 
used,  oxvgcn  gas  may  be  diluted  with  six  times  its  bulk  of 
atmospherical  air,  without  losing  its  property  of  buraing 
ammonia. 

Atmospherical  air  alone  does  not,  however,  inflame  with 
ammonia  in  any  proportion  that  1  have  yet  tried ;  though, 
bv  long  continued  electrization  with  air,  ammonia  is  at 
length  decomposed  ;  its  hxdrotren  uniting  with  the  oxvgcn 
of  the  air  and  forming  water,  while  the  nitrogen  of  both 
composes  a  permanent  residuun).  Forty-five  measures  of 
ammonia  beinoj  electrified  with  eighty-six  of -common  air, 
the  total  131  became  136,  and  132  after  being  washed  with 
water.  01"'  17*2  measures  of  oxygen,  contauied  m  the  So 
nieasures  of  air  at  the  outset,  only  2*9  were  left,  and  these 
also  would  probably  have  disappeared  by  continuing  the 
operation.  If  a  mixture  of  ammonia  and  atmospheric  air, 
each  previously  dried  bv  caustic  potash  and  then  electrified, 
be  examined,  the  production  of  water  is  made  suificiently 
a])parent  on  applying  ether  to  the  containing  vessel.  In 
subjecting  ammonia,  therefore,  to  this  test  of  the  genera- 
tion of  water  bv  electricity,  the  purity  of  the  gas  from  at- 
mospheric air  should  be  carefully  determined  t- 

The  products  of  the  combustion  of  amaiouia  with  oxy- 

*  Containing  only  tkree  or  four  per  cent,  nitrocrcn  gas. 

f  The  result  of  this  experiment  shows,  moreover,  that  even  supposing 
oxygen  to  be  a  constituent  of  amnjoaia.  we  are  not  to  expect  its  evohition, 
iiv  a  separate  forai,  by  electrioity  ;  siuce,  when  electrified  wi:h  ammoniacal 
gas,  oxvgen  itas  is  deprivedof  its  el/.stic  form,  and  its  b>:se  is  condeused  into 
water  b\  uniun  with  najceu:  hydrogen  evolved  from  the  alkali. 

A  a  3  gen 
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gen  vary  essentially  according  to  the  proportion  of  fhc  gases 
which  are  tmployed.     If  tlie  oxygen  gas  exceed  considera- 
bly the  amnv.-»nia  (that  is,  if  its  vohime  be  double  or  up- 
wards) the  ammonia  entirely  disappears,  and  no  gases  re- 
inain.  but  a  mixture  of  nitrogen   with  the  redundant  oxy- 
gen.    The  moment  the  detonation  is  completed,  a  dense 
cioud  appears*,  and   soon   afterwards  settles  into  a  white 
incrustation  on  the  inner  su'-face  of  the  tube.     The  quan- 
tity of  this  substance  which  is   produced  is  too  minute  for 
analysis  ;  but  its   character';   resemble  those  of  nitrate  of 
ammonia,  tlie   acid  ingredient  of  which  is  probably  gene- 
rated by  the  action  of  oxygen  on  the  nitnigen  of  one  part 
of  the  volatile  alkali.     Accordingly,  when  the  excess  of 
oxygen  is  removed  by  sulphuret  of  lin)e,  the  nitrogen  ge- 
nerally falls  short  of  the  proportion  which  ought  to  accrue 
from  a  oiven  weight  of  ammonia;  and  hence  it  is  scarcely 
possible  to  attain,  when  a  considerable  excess  of  oxycren  is 
used,  an  accurate  analysis  of  the  volatile  alkali. 

When,  on  the  contrary,  the  ammonia  exceeds  consi- 
derably the  oxygen  gas,  no  producti  >n  of  nitrous  acid  ap- 
pears to  take  place ;  for  the  residue,  after  detonation,  is 
quite  free  from  cloudiness.  It  is  remarkable,  however, 
that  ammonia  when  fired,  in  certain  proportions,  with  less 
oxygen  than  is  required  to  saturate  its  combustible  ingrer 
dient,  is  nevertheless  completely  decomposed.  Part  of  its 
hydrogen  is  sufficient  for  the  saturatiori  of  the  oxygen;  and 
the  remaining  hydrogen,  and  the  whole  nitrogen  of  the  am- 
monia, together  with  that  existing  as  an  imp'irity  in  the 
oxygen  employed,  remain  in  a  gaseous  state,  arid  compose 
a  mixture,  which  may  be  inflamed  by  adding  a  second 
quantity  of  oxygen  gas,  and  passing  an  electric  spark  f. 
In  this  way  all  the  hydrogen  of  the  volatile  alkali  may  be 
saturated  with  oxygen,  and  condei  scd  into  water;  and  the 
whole  of  the  nitrogen  may  be  obtained  as  the  final  result  of. 
the  process.  After  determining  the  amount  of  the  oxygen 
consumed  both  in  the   first  and   second  combustions,  it  is 

*In  some  cases  I  have  observed,  that  when  the  cloud  does  not  occur  im- 
mediately, it  maybe  made  to  appear  by  agitating- the  quicksilver  contained 
in  the  detonating-  tube.  This  is  probably  owing  to  the  disengagement  of 
some  amu'.onia,  which  had  lodged  in  the  mercurv.  Tlie  fact  confinns  wha't 
I  have  already  suggeiicd  respecting  the  cause  of  the  variable  proportion  of 
gases  evolved  from  ammonia  by  electricitv. 

•f-  This  is  analogous  to  what  happens  when  ether,  alcohol,  or  any  of  the 
aeriform  compounds  of  carbon  and  hj'drogen,  are  exploded  witli  a  deficient 
proportion  of  oxygen;  for  much  of  the  hydrogen  is  found  in  the  residuum 
m  the  state  of  gas,  and  again  becomes  susceptible  of  combustion  after  the 
addition  of  a  second  (Quantity  of  oxygen.  (See  Mr.  Cruickshank's  excellent 
papers  in  the  tfth  volume  of  Nicholson's  Jeurnal,  4to.) 

easy 
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«asy  to  calculate  the  quantity  of  hydrogen  in  the  saturation 
of  which  it  has  been  employed ;  for,  when  no  nitrous  acid 
has  been  formed,  the  hydrogen  will  be  pretty  exactly  double 
in  volume  the  oxygen  which  has  been  expended. 

These  general  observations  will  tend  to  render  the  fol- 
lowing experiments  more  intelligible.  They  may  be  di-'' 
vided  into  two  classes ;  1st,  those  in  which  ammonia  was: 
firetl  with  an  excessive  proportion  of  oxygeji ;  and  Sdly, 
those  in  which  the  oxygen  used  in  the  first  combustion  was 
insuflBcient,  or  barely  adequate,  to  saturate  the  whole  hy- 
drogen of  the  alkali. 

I.  Decomposition  of  Ammonia  by  an  Excess  of  Oxygen  Gas. 

Twenty-two  measures  and  a  third  of  ammonia  were 
mixed  with  44  j-  oxygen  containing  43  of  pure  gas.  The 
total  67  became  34  when  exploded.  Water  did  not  pro- 
duce any  further  diminution,  but  sulphuret  of  lime  left  only 
8  measures.  Now,  34  —  8  =  26  shows  the  quantity  of 
oxygen  gas  which  escaped  condensation  ;  and  this,  de- 
ducted from  the  original  quantity  (43),  gives  )7  measures 
for  the  amount  of  the  oxygen  expended.  The  last  number 
17?  being  multiplied  by  2,  gives  34  for  the  hydrogen  ap- 
parently consumed.  The  final  residue  8  —  1*66  (the  ni- 
trogen introduced  by  the  oxygen  sas)  =  6*34  is  the  nitro- 
gen obtained  from  22J-  of  ammonia;  and  if  to  this  the  hy- 
drogen be  added,  40*34  measures  of  permanent  gas  will  be 
the  total  result.  Hence  100  meassures  of  the  gas  produci- 
ble from  ammonia,  should  contain  84*29  hyarogen  aud 
15*71  nitrogen;  numbers  too  remote  from  those,  which 
have  been  already  assigned,  to  be  considered  even  as  ap- 
proximations to  the  truth.  The  error  arises  from  the  com- 
bination of  oxygen,  during  combustion,  not  only  with  the 
hydrogen,  but  with  the  nitrogen  of  the  alkali,  the  latter  of 
which  consequentlv  appears  deficient,  and  the  former  pro- 
portionably  in  excess. 

Frequent  repetitions  of  this  combustion,  with  a  consi- 
derable excess  of  oxygen  gas,  continued  to  give  a  deficient 
proportion  of  nitrogen  :  and  as  ivd  accurate  conclusions 
can  be  drawn  from  experiments  of  this  kind^  I  shall  pro- 
ceed to  those  of  the  second  class. 

[To  be  contiaued.] 
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LIT.   Ohservations  on  the  Leech-worm. 
To  Mr.  Tilloch. 

Bavytry,  Nov.  5,  1800. 

Sir,  OoME  vears  ago  my  attention  was  directed  to  make 
observations  on  the  leech-worm  as  a  wealhcr-glass :  tlicse 
were  pubHshed  in  The  Gentleman's  Magazine  1804  ;  since 
which  period  I  have  had  many  opportunities  of  noticing 
several  particulars  respecting  theni  :  these  are  here  com- 
mitted to  paper,  to  stimulate  the  curious  to  an  inquiry  into 
the  cause  of  this  phsenomenon.  J^  Uiese  observations  should 
t«nd  to  the  object  in  view,  and  be  worth  the  perusal  of  the 
public,  you  v^i-ll  -he  kind  enough  to  insert  them  in  your 
Miscellany.     I  am,  sir. 

Your  most  obedient  servant, 

W.  Pecj^. 

Charjges  tJutt  I  bare  olservcd  in  the  Animal  befure  any  par- 
ticular Alteration  oj  the  kVcathtr. 

1.  When  the  leech  lies  motionless  at  the  bottom  of  the 
glass,  and  is  frequently  in  a  spiral  form,  the  weather  in 
summer  will  be  serene  and  beautiful  :  the  same  denotes 
clear  frosty  weather  ui  winter. 

2.  If  it  creeps  up  to  the  top  of  its  lodiiing,  it  will  rairi 
within  twenty-four  hours  m  summer,  and  sno.w  in  winter. 

3.  When  the  leech  galhips  through  its  limpid  habitation 
-with  -sv^iftnesSj  it  denotes  wind,  and  seldom  rests  until  it 
blows  hard. 

4.  When  the  leech  lode;es  almost  constantly  out  of  the 
water,  and  discovers  uncommon  uneasiness  in  violent  throes 
and  convulsive-like  motions,  a  stoi'm  of  thunder  and  rain 
will  succeed. 

Method  of  keeping  Leeches. 

1.  Put  a, few  into  an  eight-ounce  phial  two-thirds  full  of 
spring  water,  with  sopie  fine  sa.nd  or  moss  at  the  bottom. 
As  the  leeches  have  po  other  evacuation  but  through 
the  pores  of  the  skin,  which  passes  from  them  in  per- 
spirable matter,  and  adheres  to  the  body  in  the  state  of 
slime,  which,  if  not  timely  removed,  prevents  these  eva- 
cuations, and  causes  the  death  of  the  worm  ;  the  use  of  sand, 
or  moss,  is  that  it  may  rub  the  slime  off  its  body,  which 
afterwards  floats  in  the  water.  Over  the  top  of  the  phial 
tie  a  piece  of  leather  prict<ed  full  of  holes  to  admit  air. 

^.  The  water  must  be  changed  once  a  week  :   sprmg 

water 
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water  is  the  best.  Somclimes  it  is  necessary,  when  there 
is  a  gfreat  change"  of  teiii})erature  between  the  water  ami 
that  contained  m  the  phial,  only  to  put  half  or  two-thirds  of 
the  fresh  to  the  other.  Leeches  should  be  kept  in  a  cool 
situation  in  summer,  and  a  rather  warm  one  in  winter. 

3.  The  leeches  that  have  been  used  ior  bleedins:  should 
be  kept  in  a  separate  phial  till  they  appear  perfectly  well. 

Direct'iom  for  using  Leeches  in  Bhtding. 

1.  It  is  necessary  to  clean  the  skin  from  anv  foreign 
matter*  that  may  have  been  applied  or  adheres  to  it,  with 
soap  and  water ;  afterwards  rub  it  dry  with  a  clean  cloth, 
as  liniments,  &c.  which  are  frequently  applied  incases  of 
bruises,  or  sprains,  prevent  then)  from  taking  hold,  and  if 
any  do  so,  they  die  :  any  part  where  hair  grows  must  be 
clean  shaved,  to  prevent  the  hair  from  annoying  them. 
I'hese  are  precautions  (hat  are  necessary. 

2.  When  leeches  are  applied,  the  patient  should  be  in 
as  horizontal  a  position  as  possible.  Then  take  a  wine  or 
ai)y  other  glass  large  euougli  to  give  room  for  the  quantity 
that  it  is  wished  to  take  hold  at  once,  being  much  better 
than  the  fingers ;  it  gives  the  worms  free  n)0tioh  in  their 
circumscribed  limits,  retains  them  in  thtir  proper  place, 
and  supports  them  from  falling.  The  glass  should  be  re- 
clined on  one  side  to  admit  a  free  access  of  air.  The  leeches 
should  be  chosen  large,  fo  answer  their  purposes  the  more 
effccluaily.  When  they  seem  sufficiently  filled,  a  small 
portion  of  salt  should  be  put  to  their  mouths,  which  will 
cause  them  to  fall  ofl",  being  belter  than  taking  them  with 
the  fin2:ers,  as  it  bruises  them. 

T^reatment  of  the  Leeches  after  they  are  satiated  uith  Blood. 

Place  the  leech  on  a  clean  plate ;  fake  a  little  common 
,§alt  rubbed  fine,  about  the  size  of  a  pinch  of  snufl",  and 
place.it  in  contact  with  the  n^outh  ol  the  Worm;  it  will 
'  remain  a  short  tiitie  in  a  state  of  torpor,  after  which  it  will 
(disgorge  part  of  the  blood  :  a  little  more  salt  may  then  be' 
placed  near  its  mouth,  repeating  it  until  it  is  all  dissorg;ed 
taking  care  that  no  part  of  the  nalt  touch  air/  oiher^paFt  of 
its  body,  which  blisters,  and  is  frequently  the  death  of  the 
leech.  When  the  worm  returns  to  its  natural  size,  it  may  tht_n 
be  put  into  a  bason  of  water  :  if  it  has  received  no  injury  it 
will  frisk  about  and  appear  lively,  if  sickly  it  will  sink  to 
the  bottom:  should  this  be   the  ease,  place  it  in  a  separate 

»  Such  as  th;  linimeiitiim  saponis,  soluuo.  aiiiDiouia;  voiatili?^  &c, 

■    '  phial 
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phial  till  well.  Every  leech  should' have  a  clean  plate  to 
disgorge  itscU'  on. 

These  observations  have  occurred  in  practice;  and  I  am 
convinced  that  if  they  are  strictly  attended  to,  the  mortality 
amongst  leeches  will  be  much  lessened. 

N.  E.  Those  who  wish  to  use  a  leech  as  a  weather- 
glass should  choose  one  that  has  not  been  used  for  bleed- 
ing; for  after  they  have  been  used  they  are  frequently 
sickly,  and  will  bury  themselves  in  the  sand  for  days  to- 
gether. 


Lin.  On  Broom  Flax. 
ToMr.Tilloch. 

rhesnut  Walk,  Walthamstow, 

T  November  23,  1809. 

HE  inclosed  specimens  of  the  refuse  and  very  worsL 
of  the  flax  of  broom  speak  for  themselves. 

To  procure  the  flax  of  broom  it  is  only  necessary  to  steep 
the  twigs,  or  former  year's  branches  (and  the  most  vigo- 
rous shoots  are  the  best)  for  two  or  three  weeks,  more  or 
less  according  to  the  heat  of  the  season,  in  stagnant  water; 
or  to  boil  them  for  about  an  hour  in  water.  This  done^ 
the  flax  comes  freelv  from  the  twigs ;  and,  where  there  is 
not  machinery  for  the  purpose,  may  be  easilv  peeled  or 
stripped  off,  by  children  or  others,  at  any  time  when  not 
quite  dry,  in  the  same  way  as  hemp  is  peeled  from  the 
stalks.  And  what  adds  to  the  value  of  the  discovery,  if  it 
may  be  so  called,  is,  that  on  being  cleared  of  the  flax,  and 
steeped  for  some  time  in  boiling  water,  the  twigs,  or  wood, 
become  tough  and  beautifully  white,  and  are  worth,  at  a 
jnedium,  from  a  shilling  to  eighteenpence  per  pound  for 
making  carpet  brooms,  &c. 

When  stripped  from  the  twigs,  the  flax  requires  only  to 
be  well  washed  in  cold  water,  then  wrung  and  shaken  well, 
and  hung  out  to  dry,  previously  to  its  being  sent  off- to  the 
paper  manufacturers,  &c.  Professor  Davy  has  bleached 
gome  of  it  for  me;  and  I  have  seen  it,  spun. 

The  discovery  and  my  experiments  respecting  broom  flax 
have  occupied  tlie  greater  part  of  my  leisure  hours  for  se- 
veral months  past,  and  have  been  attended  both  with  trouble 
and  expense ;  yet  if  the  poor  on  the  north  side  of  the  Tweed, 
and  in  Ireland,  (inrlependent  of  those  belonging  to  such  of 
the  9700  parishes  in  England  as  have  broom  in  them,)  are 
betteted  by  the  discovery,  it  will  give  me  more  real  satis- 
faction 
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faction  than  if  1  had  taken  out  a  patent  and  made  a  fortune 
by  it.  With  regard  to  any  reward  for  my  experiments 
and  trouble  I  am  not  sanguine  :  if  it  be  said  of  me  that  [ 
have  been  userul  to  my  countrv',  and  have  not  lived  in  vain, 
!  shall  be  satisfied. 

As  the  idea  of  flax  being  furnished  by  broom  is  new,  I 
have  sent  specimens  of  the  flax  to  the  Royal  Society,  to  the 
Board  of  Agriculture,  to  the  Societv  of  Arts,  to  the  British 
Museum,  &c.;  and  I  have  sent  you  the  inclosed  specimens, 
that  you  may  inform  the  public  in  what,  manner  the  poor, 
in  countie-:  where  broom  is  plentiful,  if  they  want  employ- 
ment, may  find  one,  easy  and  by  no  means  unprofitable. 

I  am,  &c. 

James  Hall. 

P.S.  The  fibres  of  all  kinds  of  mallows  I  find  are  un- 
commonly   beautiful  ;    particularly   the   malva   sylvestris. 
They   are  finer   and  prettier  than  camel's  hair,  v.hich  they 
^«omewhat  resemble;  and  there  is  no  difficulty  in  procuring 
them. 


LIV-  On  Respiration.  By  William  Allen,  Esq.,  F.R.S, 

G«c/ William  Hasledine  Pepys,  Esq.,  F.R.S,* 

KJsE.  of  the  most  prominent  features  in  our  last  communis 
cation  was  the  evolution  of  a  considerable  quantity  of  azote, 
when  oxygen  gas  nearly  pure  was  respired  ;  and  although 
a  considerable  part  of  tfns  azote  must  undoubtedly  be  at- 
tributed to  the  residual  gas  in  the  lungs,  after  the  most 
forcible  attempt  at  expiration,  yet  the  fact  seemed  to  de- 
mand still  further  invest iiration,  it  appearing  of  consequence 
to  ascertain  whether  the  increase  of  azote  was  uniform 
throughout  the  latter  stages  of  the  experiment,  or  soleli/ 
confined  to  ;hf  earlier  period?. 

By  adverting  to  our  fovmcr  paper,  it  w-ill  be  found,  that 
in  an  experiment  where  more  than  3000  cubic  inches  of 
oxvgen  passed  through  the  lungs  in  seven  minutes  and  a 
quarter,  6-?  cubic  inches  of  azote  were  found  in  the  first 
250  cubic  niches  expired,  though  the  gas  originally  con- 
tained but  25  per  cent.,  or  only  6  cubic  inches  in  this 
quantity  ;  in  the  two  next  portions  expired,  consisting  of 
562  cubic  inches,  we  found  56  cubic  inches  of  azote, 
though  this  quantity  of  gas,  before  it  was  res])ired,  con- 
tained only  14]  these,  first  portions,  were  given  off  in  about 

*  *  From  Philosophical  Transactions,  Part  11.,  for  1809. 

two 
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two  miniUes,  and  contained  nearly  100  cubic  inches  of 
azote  more  than  could  be  accounted  for  in  the  oxygen  em- 
ployed ;  hence  it  is  plain,  that  a  large  proportion  of  the 
increase  is  evolved  in  the  first  periods  of  ihc  process. 

Our  attention  was  particularly  directed  to  this  point  in 
the  following  experiment.  The  oxygen,  procured  as  usual 
from  hyperoxygenized  muriate  of  potash,  was  found  to 
contain  four  per  cent,  of  azote;  the  experuneut  was  con- 
ducted in  the  same  manner  as  the  preceding  ones,  except 
that  the  tubes  of  the  gasometers  were  filled  with  oxygen, 
and  the  gas  was  not  merely  passed  once  through  the  lungs, 
but  breathed  backwards  and  forwards  in  order  to  prolong 
the  duration  of  the  experiment,  which  began  and  ended 
with  a  forcible  expiration.  Portions  of  the  respired  gaS 
were  preserved  for  examination  from  each  of  the  gasome- 
ters, m  the  following  order: 


No. 

No. 

1. 

£?44 

7- 

254 

2. 

t94 

8. 

28S 

3. 

2S-2 

9- 

252 

4. 

2S6 

10. 

168 

5. 
6. 

230 

2544 

The  portion  of  oxygen  remaining  in  the  water  gasometer  of 
the  original  quantity,  not  employed  in  the  experiment,  was 
found  upon  trial  to  contain  four  per  cent,  ofazote,  as  before. 

Summary  of  the  Experiment. 

Cub.  Iiichos    Cub.  Inches      I^efi- 
B.ir,         Therm,     cf  OAVgea       gf  Gas  ex-         ciency.         Time, 
inspired,'         pi'red.'  '  ' 

29*9        5?  2663  2544  124  13  minutes : 

here  the  deficiency  was  greater  than  we  had  ever  remarked 
before;  but  on   passing  an  equal  quantity  of  common  air 
from  the  water  gasometer,  and  registering  it  in  the  mercu- 
rial ones,  we  were  satisfied   that  ths  apparatus  was  qviiie 
perfect.     It  is,  however,  to  be  considered,  that  the  respi- 
xation  in  this  case  v*'as  not  natural,  and  that  some   small 
degree  of  force  was  required  when  the  inspirations  and  ex- 
pirations were  made  in   the  mercurial  gasometers,  which 
-renders  this  experiment  rather  different  from   those  which 
'had  preceded  it ;  and  it  n), pears  to  us  probable,  that  a  por- 
tion of  air  was  forced  into  the  extremities  of  the  bronchia, 
-which  could  not  be  suddenly  expelled  by  the  strongest  at- 
\ tempts  at  expiration.     Hence  also,  perhaps,  the  constant 
though  smaller  deficiency,  even  when  the  air  vvas  only  once 
'  ...  passed 
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parsed  through  iHe  lungs;  but  when  the  process  is  con- 
tinuL'd  tor  a  much  loncrer  time,  it  is  probable  that  the  ves- 
sels recover  their  tone,  and  are  able  to  e.xpel  nearly  the 
whole  of  the  volume  adnuited. 

The  air  expired  in  the  present  instance  bemg  examined 
in  the  manner  described  m  our  last  paper,  we  found  that 
100  p:irt3  from  each  of  the  gasometers  contained  the  iol- 
lowiug  proportions :  .        ■, 

No.  1.          10     carbonic  acid 
21     azote 
69     oxygen 

100 

No.  2.          10     carbonic  acid 
1 1     azote 
79     oxveren 


100 


No.  3.         10       carbonic  acid 
6-5    azote 
81-5    oxygen 

100 

No.  4.         10         carbonic  acid 
7*75  azote 
82-25  oxygen 


No.  5. 


100 

10 
7 

83 

carbonic  acid 

azote 

oxygen 

100 

10-5 
5-5 

St 

carbonic  acid 

azote 

oxvoen 

100 

No.  6  to  10  mixed 


We  shall  first  calculate  the  total  quantity  of  azote  exisling 

in  the  eas  before  the  experiment,  and  afterwards  estimate 

^  what 
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tvhat  was  produced  in  the  different  periods  during  the  first 
half  of  the  experiment. 

Calculation  for  Azote. 

2668  cubic  'inches  of  oxygen  were  employed  containing 
four  per  cent,  azote  :  then 

100  :  4  :  :  266S  :  106-72 
the  total  quantity  of  azote  in  the  gas  consumed,  was  106-7;2 
cubic  inches. 

Azote  found  after  the  Experiments* 


Cubic  Inches 

Azote  fovinc!. 

No.  1. 

2U 

100  : 

21        :  : 

244  :  51-24 

2. 

294 

100  : 

11        :  : 

294  :  32-34 

3. 

282 

100 

8-5     . 

:      282  :  23-97 

4. 

266 

100 

7-75  : 

-      266  :  20-61 

5. 

230 

100  : 

7        : 

:      230  :  16-10 

5  to  10 

1228 

100  : 

5-5     : 

1228  :  67-54 

Total    21 1-80  cubic  inches. 

The  whole  azote,  found  after  the  ex- 
periment, was        -         -         _         21 1-80  cubic  inches. 

Azote  detected  by  the  same  tests  be- 
fore ifee  experiment  only  -         106-72 


Increase  of  azote      i05-0S 


Now,  as  the  whole  time  was  thirteen  minutes,  if  we  divide 
this  by  the  number  of  gasometers  filled,  it  will  give  us  one 
minute  eighteen  second*  for  each,  and  the  following  will 
be  the  periods  in  which  the  azote  was  evolved. 


Time. 


Azote  found. 

No.  1. 

1-18 

51-24  less 

2. 

1*18 

32-34    — 

3. 

118 

23-97    - 

4. 

1-18 

20-61    — 

5. 

1-18 

16-10  — 

6  to  10. 

6-30 

67-54  — 

13  min. 

211*80 

-•\zotc  in  the 

Oxygen.  Increase. 

9-76  equal  to  41-43 

11-76      =  20-58 

It-iS      =s  12-69 

10-64     =  9-97 

9 -20     =  6-90 

49-12      =  18-42 


101-76* 


110-04 


Here  the  increase  of  azote  appears  rather  greater,  viz.  llO 

*  The  apparent  deficiency  here  4-96  arises  from  this  circumstance,  that 
the  separate  portions  of  oxygen  not  having  been  ascertained,  this  calculation 
has  beeo  made  with  the  corresponding  but  (•mailer  portioiy  of  expired 


gas. 


cubie 
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cubic  inches,  but  the  calculation  in  this  case  is  made  upon 
the  gas  expired;  and,  from  the  above  statement,  we  may 
«ce  that  the  evolution  of  azote  goes  on  diminishing;  \vc 
have  sometimes  even  found,  that  towards  the  close  of  an 
experiment  it  has  been  almost  reduced  to  nothing.  The 
question  now  is,  whether  this  increase  of  azote  can  be  ow- 
ing to  the  residual  gas  contained  in  the  lungs  at  the  be- 
ginning of  the  experiment,  or  whether  a  p<jrtion  of  oxygen 
is  not  actually  exchanged  for  azote,  when  pure  oxygen  gas 
is  respired. 

Here  it  mav  be  useful  to  compare  the  azote  found  in  our 
former  experiments  on  oxygen,  with  the  present. 

Oxygen  Quantity  Inferred 

Gas     Gas  ex-  DcS-  respired  ia  Azote   Capacity 

Ear.  Therm^inspired.  pired.  cieacy.  Time,  aminute.  evolved.  olLuii^s 


1. 

0 

53 

3260 

3^3 

67 

/  // 
9-20 

348 

110 

141 

2, 

303 

70 

34-20 

336:i 

58 

7-25 

461 

177 

225 

3. 

30  15 

70 

3130 

3060 

70 

8  45 

357 

IS7 

236 

4, 

S.O  9 

51 

'26m 

2544 

1-J4 

13- 

205 

105 

133 

The  greatest  increase  of  azoic  was  in  the  2d  and  3d  expe- 
riments, «  hen  the  thermometer  was  at  1(f,  which  might 
materially  influence  the  results  :  in  the  other  casts,  it  wai 
not  higlier  than  53. 

From  the  experiments  of  Goodwin,  we  might  be  inclined 
to  admit  the  capacity  of  the  lungs,  inferred  from  the  1st 
and  4th  experiments,  as  very  possible  ;  but  it  seems  diffi- 
cult to  conceive  that  it  can  amount  to  ■236  or  2^5  cubic 
inches;  and  vet  this  must  be  the  case,  unless  a  porticni  of 
azole  is  given  off  from  the  blood,  or  there  is  son^.e  process 
in  nature  by  which  it  is  capable  of  being  produced  froiu 
oxygen. 

Having,  bv  the  kindness  of  our  friend  Henry  Cline,  jun., 
been  furnished  with  the  lungs  of  a  stout  man,  about  live 
feet  ten  inches  bigb,  taken  from  the  body  not  long  after 
death,  and  in  a  sound  state,  we  proceeded  to  ascen<un  the 
quantity  of  a^r  contained  in  this  organ  after  the  most  com- 
plete expiration,  as  in  death. 

Henrv  Cline  had  judiciously  taken  the  precaution  to  di- 
vide the  trachea  just  below  the  crichoid  cartilage,  before  he 
opened  the  thorax  ;  he  then  inserted  a  tube  with  a  brass 
stop-cock,  which  he  tied  firmly  to  the  trachea,  and  at- 
tached an  empty  bladder  to  the  oih'er  end.  The  cock  was 
then  turned,  so  as  to  communicate  with  the  bladder,  and 
on  opening  the  thorax  o\\  cubic  inches  of  air  were  expelled 
into  it.  The  weight  of  the  lungs  was  four  pounds  one 
ounce.    A  very  large  glass  jar  bting  placed  in  a  shallow  tin 

veisd. 
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vessel,  was  filled  to  the  briip  with  water,  the  lungs  were 
.  then  conipU.^tely  ininicrsed,  and  the  water  whicli  ftowecl 
over,  and  was  the  measure  of  their  volume,  weighed  six 
pounds  tvvo  ounces  :  we  next  cut  a  portion  of  the  lungs 
into  small  pieces,  under  a  large  inverted  glass  of  wale;,  r.:id 
attempted  lo  squeeze  the  air  from  tlie  cells  ;  but  althouorh 
sevcr.ai  cubic  inches  were  thus  procured,  we  were  soon  con- 
vinced that  it  was  utterly  impossible  to  arnve  at  our  object 
bv,  these  means,  as  no  force  that  we  could  use  seen)cd  ca- 
pable of  expelling  the  air  from  the  cellular  membrane,  into 
which  it  escaped  from  the  vesicles.  We  therefore  took  por- 
tions of  the  lungs,  which  weighed  2774  grains;  the  mass 
being  put  into  a  piece  of  new  hair  cloth,  was  subjected  I'j 
the  action  of  a  powerful  screw  press,  and  the  fluid  was  re- 
ceived in  a  vessel ;  after  twice  underaoing  this  operation, 
the  mass  weighed  only  600  grains.  Its  specific  gravity  was 
very  nearly  that  of  water,  viz.  '930  water  being  I -000  :  tlie 
fluid  procured  by  the  press  was  of  the  specific  gravity  of 
1-019;  this  would  make  the  specific  gravity  of  the  lungs 
'997?  water  being  fOOO:  hence  it  appears,  that  the  sub- 
stance of  the  lungs,  and  the  contents  of  the  blood  vessels 
tocrether,  are  so  near  the  specific  gravity  of  water,  that  they 
mav  be  fairly  considered  as  the  same. 

Then,  as  the  mass  of  the  lungs  was  equal  to  4  poimds  of 
water,  th<H)gh  Q"2  pounds  of  water  were  displaced  by  them, 
and  as  a  poutid  of  uater  occupies  the  space  of  28  875  cubic 
inches,  we  have  the  following  calculation  : 

lbs.     oz. 

6     2  water  displaced  by  the  lungs 
4     1   w'eight  of  the  lungs 


2     ),or59-534  cubic  inches  of  air  in  the  lung.'*,  towhich 
niustbeadded  3  rosOthe  volume  of  the  air  forced   mto  the 

bladder  on  opening  the  thorax. 

91-134 


and  this  givcsus  91- 134  cubic  inches,  as  the  air  contained 
in  the  lun^^s  of  this  person  alter  deaiii;  and  when  we  re- 
flect (hat  the  air  mu.->t  have  been  under  compression,  when 
the  Innors  were  immersed  in  water,  some  force  being  re- 
quired to  keep  them  down,  and  also  that  not  less  than  7  or 
8  cubic  inches  must  be  contained  in  fauces,  Sec,  we  can- 
not estimate  the  whole  at  less  than  100  cubic  incnes, 

it  is  further  to  be  noted,  iliat  these  100  cubic  inches 
would  occupy  much  more  space  in  the  temptfrature  of  the 
human  body,  than  in  the  mean  temperature  in  which  the 
examination  was  made  ;  and  this  difference  would  be  nearly 

.8  cubic 
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8  cubic  Inches ;  the  air  left  in  the  lungs,  after  complete 
expiration,  would  therefore  be  lOS  cubic  inches  j  but  the 
mean  of  our  experiments  would  make  it  183. 

Experiment  l.  141 

2.  225 

3.  236 

4.  133 

4)  735 


183 


We  are  then  almost  compelled  to  allow  that  when  pure 
oxygen  is  respired,  a  portion  of  azote  is  given  off  from  the 
blood. 

We  now  resolved  to  perform  a  series  of  experiments 
upon  some  animal  which  lived  wholly  upon  vegetable  food, 
and  made  choice  of  the  Guinea  pig  as  one  of  the  most  ma- 
nageable. 

The  apparatus  consisted  of  our  two  large  mercurial  gaso- 
meters, which  were  made  to  communicate  with  a  strong 
trough  E,  in  the  middle  of  which  a  small  mahogany  table  D 
was  made  fast  by  a  screw,  for  the  purpose  of  supporting  the 
animal  under  the  bell-glass  A;  two  holes  were  made  through 
the  table  for  the  insertion  of  tubes  to  supply  and   take  oft' 
the  air,  each  of  them  communicated  with  one  of  the  mer- 
curial gasometers  ;  the   tube  B  delivered   gas   towards  the 
upper  part  of  the  glass  A,  in  order  to  bring  the  supply  of 
fresh  air  near  the  head  of  the  animal  :  the  opening  of  the 
tube  C  was  placed  within  half  an  inch  of  the  table  to  con- 
vey off  the  respired  air;  the  gasometer  connected  with  this 
tube  was  made    to  communicate  with  a  mercurial  bath  G, 
in  which  portions  of  the  respired  air  were  preserved  for  ex- 
amination.    Quicksilver  being  poured  into  the  trough  E, 
so  as  to  rise  to  a  level  with  the  top  of  the  mahogany  stand, 
we  placed  a  Guinea  pig  upon   it,  with   the  bell-glass  over 
him,  and  as  its  edges   were  immersed  in  quicksilver,  the 
animal  was   completely  confined   in   atmospheric   air :  we 
found  that  his  body  occupied  the  space  of  39  cubic  inches, 
which  deducted  from  the  cubic  contents  of  the  glass  A,  left 
55  cubic  inches  for  the  air  confined  with  the  pig,  to  which 
must  be  added  5  more  for  that  contained  in  the  tube  C. 

First  Experiment  ivith  Atmospheric  Air. 
The  pig  was  placed  upon  the  stand,  and  the  apparatus 
arrancred  as  represented  in  the  plate ;  250  cubic  inches  of 
VoT.  34.  No.  139,  Aoi'.  1809,  Bb  atmospheric 
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atmospheric  air  were  admittt.d  into  the  mercurial  gasometer 
.  Communicating  with  B  :  the  oasometer  cofiimiuiicating  with 
C  was  quite  empty,  the  apijaratus  being  tried  was  found 
perfectly  air  tiglil,  and  ilie  whole  quantity  ot  air  310  cubic 
inches. 

The  coclcs  H  and  I  being  opened,  gentle  pressure  was 
made  upon  the  glass  of  gasometer  B,  so  as  to  cause  the  air 
to  pass  through  A,  which  consequently  drove  an  equal  por- 
tion throuoh  the  tube  C  into  the  empty  gasometer;  aquar- 
ter  of  an  hour  was  er^qyioyed  in  passing  the  gas,  which 
measured  exactly  250  cubic  inches  in  C,  so  that  there  was 
no  alteration  of  volume;  the  cocks  H  and  I  were  now 
closed,  and  the  respired  air  being  examined  by  the  usual 
methods,  100  parts  were  found  to  contain 
5  carbonic  acid 

16  oxvgeu 

79  azote 


100 


As  the  air  after  the  experiment  had  experienced  no  altera- 
tion of  volume,  and  as  it  contained  the  same  proportion  of 
azote  as  atniospheric  air,  this  substance  had  remained  un- 
altered. But  I5"56  cubic  inches  of  oxygen  had  been  con- 
verted into  carbonic  acid  gas. 

100  :  3  T:  310  :  15-50. 

Summary  of  the  Experiment. 

Cub.  in.  of 

r,         rr-i  Atinos.  air     Gas  after     Cub.  inches  carb.  acid  .p.. 

Bar.    Therm.    •       •     i  •        ^     e       \       •  ^  ■     .  Time, 

inspired,  experiment,  ol  carb.acid.  per  nunute. 

30''        43°        310  .310  15-5  "62  23  min. 

Experiment  If.     Atmoapkeric  Air. 
The  experiment  was  repeated  in  exactly  the   same  man- 
ner ;   the  animal,  except  from  confinement,  appeared  much 
at  his  ease  all  the  time.     The  air  after  the  experiment  con- 
tained in  100  parts 

5-5  carbonic  acid 
15'5  oxygen 
79      azote 

LOO 


Here  the  proportions  of  azote  were  undisturbed,  and  17'0^3'; 
cubic  inches  of  carbonic  acid  procured. 

100  :  3-3  :  :  310  :  17"0^. 

Summary 
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Summary  of  the  Experhncnt. 

'ife'""    ni'i.  Atmos.  air       Air  after       Carb.  acid     Carb.  acid      r,,. 

ji..spireci.      E\pcnn.?jit.        found.       per  minute. 

S9-66  38^        310  310  17-05         '68      25min. 

Faperiment  l\l.  jUinospheric  Air. 
The  apparauis  being  arranged  as  before,  we  kept  the  pig 
in  ihe  glass  A  for  one  hour,  and  during  that  time  passed 
1000  cubic  inches  of  atmospheric  air  throiioh  it,  u  hich  mea- 
sured luoi  :  portions  of  the  respired  gas  had  been  preserved 
in  the  mercurial  baih,  and  ihe  usual  trials  made  upon  tlie 
mixture,  which  was  found  to  contain  5  parts  of  carbonic 
acid  in  every  100,  or  53  cubic  inches  in  the  whole  tjuaniily; 
the  azote  was  unaltered;  100  :  5  : :  iOGO  :  53. 

Summary  of  the  Experiment. 

Tj  ,^      ^^,  Atmos.  air  Air  after  ,  Carb.  acid  C:irb.  acid  t^. 

JJarom.  1  iisrm. ,    ,  .       Increase.      ,        ,  .        Tune. 

before  expt.     expt.  fcur.d.       per  mm. 

29-8      56''        lOGO.        lOCl  1  53  -SS        1  hr. 

[Tl/  be  continued.] 


LV.  Desa-ipiio7i  of  certain  InvejiiionsJ'or  the  Improvement 
of  Naval  Architecture,  for  increasinii  liie  Comforts  of 
Alarivers,  and  fur  facilitating  Naval  Eiitey prists.  By 
Messrs.  R.  Tkevithick  aud  K.  Dickinson. 

J.  HE  inventions  alluded  to  in  the  above  title  form  the  mat- 
ter of  a  patent  granted  to  Messrs.  'IVcviihick  and  Dickinson. 
They  are  at  the  same  time  so  novel,  ingenious,  and  useful, 
that  we  are  persuaded  we  shall  conier  a  favour  on  many  of 
our  reader?  by  giving  some  of  the  particulars  detailetl  bv  tl  e 
patentees  in  a  i)rosptctus  which  they  have  circulated  amono 
their  friends. 

I.  A  wroughl-iron  moveahle   Cai^wrh  ivith  a  Ruddc-r,  fjf 

Docking  a  Ship,  ivhile  ridijig  tit  hsr  Moorings,  in  any 

Depth  of  IVater,  leaving  her.  Ktci  dry  in.  a  Jtiv  Hours, 

iiilhout  removing  her  Stores  or  ^Alasls. 

*' This  floating  dock  is   made  of  wrought-iron,  halfaii 

inch  thick,  2£0  feet  long,  54  feel  wide,  and  30  feet  deep, 

and  will  weigh  about  400  tens,  with  a  flanch  si.x  fett  wide 

on  tire  top,  for  the  workmen  to   stand   upon,  and  also   to 

slren<z;then  the  caisson. 

"  The  weif^hl  of  this  caisson,  when  immersed  in  water, 
is  nearly  350  tons;  but^  for  reasons  mentioned  below,  it 

B  b  2  IS 


385  Inventions  for  the  Improvement  of 

is  rendered  nearly  buoyant,  being  purronnded  by  an  air  re- 
ceptacle capable  of  suspending  the  whole  weight  with  great 
exactness,  which  is  riveted  to  it  in  such  a  manner  as  also 
to  strengthen  the  caisson,  and  support  the  principal  shores 
from  the  ship. 

"  This  caisson  draws  nine  feet  water.  When  taken  to 
the  ship  intended  to  be  docked,  the  water  is  to  he  let  into 
it  at  an  opening  or  plug-hole  at  the  bottom,  and  it  is  to  be 
suffered  to  sink  until  the  upper  part  is  even  with  the  surface 
of  tlie  water,  the  air  receptacle  siill  keeping  it  buoyant. 
A  small  quantity  of  air  is  then  to  be  discharged  by  opening 
a  plug-hole  in  the  air  receptacle,  until  a  quantity  of  water  is 
let  in  just  sufficient  to  sink  ihe  caisson,  which  is  to  be  then 
drawn  under  the  ship's  bottom.  This  being  effected,  the 
<!aisson  (nearly  buoyant)  is  then  to  be  raised  to  the  surface 
of  the  water  by  ropes  made  fast  from  the  caisson  to  each 
quarter  of  the  ship.  A  pump  placed  within  the  caisson,  and 
worked  bv  a  steam-engine  of  l2-horse  power,  placed  in  a 
barge  alongside,  will  empty  it  in  three  hours,  and  reduce 
the  ship's  draught  of  water  eight  feet  j  that  is,  from  26  to 
18  feet ;  when  she  may  be  carried  up  into  shoal  water,  the 
caisson  floating  with  a  draft  of  only  18  feet  of  water,  while 
the  ship  she  carries  would  have  required  26  feet.  She  may 
then  be  carried  into  shoal  •  water,  if  required,  or  alongside 
wharfs,  or  jetty^heads  of  the  dock-yards. 

*'  The  ship's  sides  and  bottom  tending  to  fall  outwards, 
by  its  own  weight,  and  the  sides  and  bottom  of  the  caisson 
tending  to  be  forced  inwards,  by  the  external  pressure  of 
the  water,  it  is  obvious  that  by  placing  props  or  shores,  be- 
tween, both  will  be  supported,  while  the  ship  will  ride  with 
all  her  stores  on  board  and  jnasts  standing,  nearly  as  easy 
as  when  floating  in  the  water. 

"  Should  inconvenience  be  apprehended  at  any  time  from 
blowing  weather,  the  caisson  may  be  cast  off,  and  let  fail 
to  the  bottom,  where  it  cannot  be  injured,  and  from  whence 
it  may  be  raised  to  the  ship's  bottom  again  at  pleasure,  with 
as  little  labour  as  weighing  an  anclwr. 

"  The  upper  part  of  this  dock  will  be  12  feet  above  water 
when  there  is  a  first-rate  ship  in  it ;  this  is  a  sufficient 
height  to  prevent  the  sea  breaknig  over. 

"  By  this  means  a  ship  may  have  her  bottom  examined, 
and  be  out  again  in  six  hours,  without  coming  above  the 
Nore,  and  without  undergoing  the  tedious  process  of  un- 
shipping and  re-shipping  her  stores,  or  waiting  for  spring- 
tides, or  fair  wind,  to  enable  her  to  reach  to,  or  return 

from. 
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from,  dock,  which,  on  an  average,  now  requires  thre^ 
months,  accompanied  with  an  expense  ot"  nearly  10,000/. 
per  month  in  wages,  subsistence,   &:c,  &c. 

**  This  plan  may  be  practised  in  all  countries,  and  must 
be  particularly  advantageous  where  there  are  no  dry  dockS; 
or  flowing  of  tide. 

*'  Ships  on  many  foreign  stations  when  requiring  to  be 
docked  are  now  obliged  to  be  sent  home,  at  a  grea.t  expense 
pf  money  and  waste  of  time,  others  being  sent  t^  replace 
them.  This  may  be  avoided  in  future.  Docks  made  ia 
England  may  be  sent  out  in  pieces  of  live  or  six  ions  with 
the  necessary  rivets  and  bolts,  and  ready  to  be  put  together 
wherever  they  may  be  wanted. 

*'  A  caisson  capable  of  dockincr  a  fir-?t-rate  ship  will  not 
cost  above  nineteen  or  twenty  thousand  pounds,  (for  mer- 
chantmen and  sniallcr  ships,  the  size  and  cost  w:il  be  pro- 
portionably  less,)  and  (judging  from  the  dmatioij  of 
wrought-iron  sail-pans)  wUl  last  20  years  without  repair. 
When  worn  out  it  may  be  broken  up,  and  will  sell  for  one- 
third  of  its  original  cost. 

*'  By  adapting  caissons  to  the  local  circumstances,  ships 
of  war  and  merchantmen  with  all  their  tt ures  and  cargoes 
on  board,  can  be  carried  to  wharfs  and  store- houses  up 
rivers  where  the  depth  of  water  is  not  above  one  half  the 
ship's  draught  :  For  example,  in  the  river  Clyde  the  ships 
may  be  carried  to  Glasgow,  instead  of  being  obliged  to  un- 
load twenty  miles  lower  down  the  river." 

IT.  Improved  Syslem  for  Toiuing  Ships ,    Fiord i/tg  Docks 
or  Caissons. 

*^  This  subject,  as  connected  with  naval  affoiirs,  pos- 
sesses nmch  importance. 

'•'  It  will  readilv  occur  that  there  are  many  instances  on 
record  where  objects  of  the  first  magnitude  might  have  been 
gained  by  the  help  of  an  improved  system  of  towing  ves- 
sels, particularly  when  entering  or  leaving  harbour.  But 
although  the  system  about  to  be  explained  is  perfectly 
applicable  to  general  purposes,  it  was  chiefly  with  the  view 
of  rendering  our  floating  dock  complete  in  all  its  appen- 
dages,  that  we  were  induced  to  direct  our  attention  to  the 
subject. 

"  With  respect  to  the  general  application  of  the  system 
of  towing,  it  will  occur,  that  an  apparatus  of  this  descrip- 
tion ought  to  attend  every  naval  expedition.  It  will  of 
course  be  useful  in  towing  ships  into  action  in  light  winds, 
in  bringing  off  ijisable*!  vessels,  aud  also  in  propeUing  fire- 
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ships  against  wind  and  tide  after  the  crew  have  abandoneJ 
them  ;  while,  by  ihc  same  conirivancc,  the  look- out  ships 
Of  a  squadron,  or  packet-boats,  will  be  enabled  to  enter  or 
leave  harbour  in  si)ite  of  wind  and  tide.  Bi  t  as  those  in- 
terested in  the  adoptiim  of  such  uDprovenients  jierd  not 
be  informed  of  their  mauifuld  advantages,  we  shall  con- 
fine ourselves  to  a  brief  description  oF  our  towing  ap- 
paratus. 

'"  The  employment  of  steatn-ena;incs  for  this  purpose 
has  no  novelty  ;  but,  iiowever  competent  th.is  agent  iji  other 
respects,  it  has  generally  failed  in  this  branch  of  its  appli- 
cation, not  from  its  own  incompetency,  but  froni  a  defect 
in  the  communication  required  between  the  power  and  the 
water  upon  which  it  is  destined  to  act;  and  from  not  con- 
sidering that  a  power  insufficient  to  move  a  vessel  with 
others  in  tow,  may  be  ?ufncient  to  move  them  alternately, 
that  is  to  say,  first  the  vessel  containing  the  engine,  and 
then,  by  the  communicaling  rope,  the  vessels  winch  the 
first-mentioned  vessel  has  to  move. 

*•  A  steam-engine  of  lifty  tons  weight  on  board  a  barge, 
or  ship,  will  tow  with  much  greater  pov»er  and  effect,  while 
only  impelling  a  vessel  forward  by  the  action  of  the  engine 
against  the  water,  than  a  thousand  n)en  can  do  with  sweeps. 
But  if  the  same  engine  js  applied  to  wind  up  a  rope,  made 
fast  to  buoys,  anchors,  or  any  other  fixture,  the  power  can 
be  increased  to  any  extent,  at  the  expense  of  a  loss  of  time 
merely  equal  to  the  effect  gained. 

*^  Many  of  the  naval  harbours  jn  England  are  so  situ- 
ated that  it  is  a  fair  wind  to  go  to  sea  with,  when  perhaps 
it  blows  directly  into  the  harbour's  mouih.  By  the  placing 
of  buoys,  at  about  400  yards  distance  from  each  other,  this 
difficulty  may  be  overcome  :  with  an  engine  of  the  above 
description,  men  of  war  and  transports  might  be  towed  out 
clear  of  the  harbour  in  a  short  time. 

'^  This  may  be  effected  in  the  following  simple  manner: 
— The  steam-engine  uill  drive  itself  in  the  barge  to  the  first 
buoy,  where  it  will  be  made  fast,  at  the  same  time  paying 
out  about  40vT  yards  of  tow-ropcj  or  less,  as  the  case  niay 
require,  one  end  being  fast  to  the  ship  to  be  taken  in  tow, 
the  other  being  fastened  If)  a  capstern,  to  be  moved  round 
by.  the  power  of  the  engine.  This  movement  brmgs  the 
ship  up  to  the  first  bnov,  where  it  is  made  fast,  when  the 
engine  with  <he  barge  starts  atresh  to  the  next  buoy,  and 
so  on  ur.iil  the  ship  or  sliij^s  in  tow  arrive  at  the  outer  buoy. 
In  situations  where  theie  are  no  buovs,  anctiors  niay  be 
dropped,  and  speedily  weighed  again  by  means  of  the  steam- 
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t-ngirfe  ;  but  it  is  only  in  extreme  cases  this  routine  i?  ne- 
cessary. Generally  the  power  of  the  engine  will  be  found 
quite  sufficient. 

[To  be  cOHtinued.] 


LVr.  Nofkes  re^peclin^  Aew  Boohs. 

X  ART  II.  of  the  Philosophical  Transactions   for    ISOQ  has 
made  its  appearance.     The  following  are  its  contents: 

10.  On  Platina  and  native  Palladium  from  Brasil.  By 
William  Hvde  Wdlaston,  M.L\,  Sec.  R.S.— 11.  On  a 
naiive  Arseniatc  of  Lead.  By  the  Rev.  Wd'.iam  Greiior. 
Communicated  by  Charles  Haichcit,  Esq.,  F.R.S. — 1-2.  An 
anatomical  Account  of  the  Squaius  maximus  (of  Linna?ns), 
which  in  the  Structure  ot  its  Stomach  forms  an  interme- 
diate Link  in  the  Gradation  of  Animals  between  ihe  Whale 
Tribe  and  cartilaginous  Fishes.  By  Everard  Htune,  Esq., 
F.R.S. — 13.  On  an  improvement  in  the  Manner  of  di- 
vidina:  astronomical  instruments.  By  Henry  Cavendish, 
Esq.,  F.PiS. — 14.  On  a  Metij'*d  of  examining  the  Divi- 
sions of  astronomical  Insfrumcnf.?.  By  the  Rev.  Wilham 
Lax,  A.M.  F.R.S.  Lownde>'s  Profe>sor  of  Astmnomv  in 
the  LTniversitv  nf  Candiridgc.  In  a  Letter  to  the  Rev.  Dr. 
Maskelvne,  "F.R.S.,  Astronomer  Royal. — 15.  On  the  Iden- 
tity of  Columbiujn  and  Tantalum.  By  William  Hvde  Wol- 
laston,  M.D-,  Stc.  R.S. —  \d.  Description  of  a  reflective 
Goniometer.  By  Wdiiam  Hyde  WoUasfon,  M.D.,  Sec. 
B'S. — 17.  Continuation  ol  Experiiiientsfor  invcsticalingthc 
Cause  of  coloured  concentric  jiinis,  and  other  Apocarances 
of  a  similar  Nature.  By  William 'Herschel,  LL.D.  F.R.S. 
—  IS.  An  Account  of  a  Calndus  ironi  the  H"n^,aii  B'adiicr 
of  uncomnion  xMagnitude.  By  Sir  .lames  Earle,  F.R.S. — 
IP.  On  expectorated  Matter.  By  Geo'rge  Pcarwn,  M.D., 
F.R.S. — 50.  On  the  Attractions  of  homogeneous  Fiiiiosoids, 
By  James  Ivory,  A.M.  Communicated  by  Henry  Brough- 
am, Esq.  F.R.S. — 21.  Observations  on  A!!^)umen,  and 
some  other  Animal  Fluids  :  with  Remarks  on  their  Ana- 
lysis by  electro-chemical  Decomposition.  Bv  Mr.  Wi!;iam 
Brande,  F.R.S.  CoinmunicHted  by  tlie  Society  h;r  tlie  Jm- 
proven)ent  of  Aninjal  Chemisfrv. — 2?.  Hini>  on  the  xSub- 
ject  of  animal  Secretions.  Bv  Everard  Honie,  Esq.,  F.R.wS. 
Comniunicatcd  bv  the  Society  for  the  linprovement  of 
Animal  Chemistry. — 2  5.  On  the  comparative  Influcnoe  of 
Male  and  Female  Parents  on  their  Odspring.  Bv  Thomas- 
Aiidrew  Kijight,  Esq.,  F,R.S.    In  a  Letter   to  th*;  li^obi 

Bb4  Him, 


393  New  Books. — "Royal  Society. 

Hon.  Sir  Joseph  Banks,  Bart.  K.B.,  P.R.S.— 94.  On  the 
Effect  of  westerly  Winds  in  raising  the  Level  of  the  British 
Channel.  In  a  Letter  to  the  Right  Hon.  Sir  Joseph  Banks, 
Bart.  K.B.,  P.R.S.  By  James  Rennell,  Esq.,  F.R.S.— 
25.  On  Respiration.  By  William  Allen,  Esq.,  F.R.S..and 
William  Hasledine  Pepys,  Esq.,  F.R.S. — 26.  Experiments 
on  Ammonia,  and  an  Account  of  a  new  Method  of  ana- 
lysing it,  by  Combustion  with  Oxygen  and  other  Gases  ; 
in  a  Letter  to  Humphry  Daw,  Esq.,  Sec.  R.S.,  Sec,  from 
William  Henry,  M.D.,  F.R.S. ,  V.P.  of  the  Lit.  and  Phil. 
Society,  and  Physician  to  the  Infirmary,  at  Manchester. — 
27.  New  analytical  Researches  on  the  Nature  of  certain 
Bodies,  beingan  Appendix  to  the  Bakerian  Lecture  for  1808. 
By  Humphry  Davy,  Esq.,  Sec.  R.S.,  Prof.  Chem.  R.[. — 
Presents  received  by  the  Royal  Society,  from  November 
1808  to  July  1809. — Index. 


An  Essay  on  the  Torpidity  of  Animals  has  lately  ap- 
peared from  the  pen  of  Henry  Reeve,  M.D.,  Member  of 
the  Royal  College  of  Physicians  of  London,  and  Fellow  of 
the  Linnaean  Society. 

LVII.  Proceedings  of  Learned  Societies. 

ROYAL    SOCIETY. 

J.  HIS  Society  met  on  Thursday  the  9lh  of  November,  the 
right  hon.  Sir"  Joseph  Banks,  president,  in  the  chair.  It 
was  chiefly  occupied  in  reading  the  minutes  of  the  last 
meetina,  prior  to  the  long  vacation,  and  in  receiving  pre- 
sents of  both  foreign  and  domestic  publications  on  the  sci- 
ences and  arts. 

Nov.  16. — Alexander  Marsden,  esq.,  vice-president,  in 
the  chair.  The  Croonian  Lecture  on  muscular  motion,  by 
Dr.  WoUaston,  was  read.  Dr.  W.,  perceiving  that  his  re- 
marks were  rather  unconnected  to  form  a  regular  essay,  di- 
vided his  lecture  into  three  parts;  the  first  on  the  duration 
"of  muscular  action.  This  he  attempted  to  ascertain  by 
pressing  his  finger  on  his  ear,  till  it  resembled  the  sound  of 
carriages  passing  along  a  pavement  of  stones  about  four 
inches  in  diameter.  These  vibrations  he  found  to  vary  ac- 
cording to  the  pressure  from  15,  which  were  the  least,  to  45, 
the  most;  but  the  general  number  he  found  to  be  30  in  a 
minute.  He  afterwards  endeavoured  to  imitate  the  sound 
of  carriages  by  rubbing  two  notched  sticks  against  each 
other,  and  experienced  nearly  the  same  results.     Some  of 

his 
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his  friends  repeated  these  experiinenls  with  the  like  eflect. 
Tlie  second  part  was  on  the  cause  of  sea  sickness,  which 
the  lecturer  attributed  to  the  pressure  of  blood  upon  the 
brain  ;  and  observed  that  the  sickness  was  always  most  vio- 
lent when  the  vessel  pitched  most,  or  rather  at  the  moment 
when  she  descends  from  the  wave  on  which  she  had  been 
elevated.  In  this  case  respiration  is  difiicuit;  but  whea 
effected,  it  assists  the  circulation,  and  give?  relief  to  the 
sickness.  The  stomach  he  also  found  lo  be  slightly  de- 
ranged, probably  from  the  same  cause,  or  from  the  actitni 
of  the  svstcm  to  resist  the  effects  of  the  unnatural  n)otiott 
of  the  vessel.  The  third  and  last  part  illustrated  the  ad- 
vantages of  riding  on  horseback  and  in  carriages,  which 
enables  the  svstem  to  propel  the  blood  from  the  heart. 
Dr.  VV,  related  a  case  of  a  gentleman,  who,  tinding  him- 
self very  ill,  ordered  his  coachman  to  drive  him  to  the  resi- 
dence of  a  fashionable  physician,  who  fortunately  happened 
not  to  be  at  home;,  he  then  resolved  on  dririag  to  another, 
who  also  happened  to  be  absent :  by  this  time  he  had  con- 
siderably recovered  from  his  depression,  and  determined  on 
going  home,  and  taking  the  same  exercise  next  dav,,y.hich 
he  did,  and  speedilv  recovered  without  any  aid  from  drugs. 

The  reading  of  the  Bakerian  Lecture  on  some  new  elec- 
tro-chen)ical  researches  on  metallic  bodies,  and  on  the 
combinations  of  hydrogen,  by  Mr.  Davy,  commenced 
November  1  6,  and  was  continued  on  the  23d,  and  the  con- 
clusion postponed  to  a  future  meeting. 

Mr.  Davy  stated  his  objects  in  delivering  this  lecture,  to 
be  the  elucidation  of  various  important  parts  of  chemistry 
by  new  experiments,  and  the  communication  of  some  nesv 
facts  respectmg  nietallic  bodies,  and  their  combinations  in- 
tiiTij.tely  related  to  the  general  philosophical  theory  of  the 
science.  In  the  first  section  he  discussed  the  various  hvpo- 
thetical  notions  that  had  been  formed  respecting  the  nietals 
of  the  fixed  alkalis,  particularly  those  of  MM.  G.iy-Lussac 
and  Thenard,  M.  Curadau,  and  M.  Klttcr.  lie  brouoht 
tbrward  many  experiments  to  prove  that  potassimij  and 
sodium,  by  conibustion,  produce  merely  drv  poiaih  and 
soda  ;  and  that  thev  neither  form  water  nor  carbonic  acid; 
and  he  establishes  the  fact,  that  the  potash  formed  by  the 
combustion  of  potassium  in  muriatic  acid  gas  contains  less 
water  than  that  which  is  considered  bv  M.  Berthoiiet  as  the 
dry  alkjli.  He  showed  ihat  when  potassium  is  made  to 
act  upon  ammonia,  it  is  the  volatile  alkali,  and  not  the 
metai,  which  is  decompounded,  for  the  potassium  can,  under 

certain 
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certain  circumstances,  be  recovered  unaltered  ;  and  ubcn- 
ever  a  portion  oF  it  is  converted  into  potash  some  nitrogen 
always  d;  appears. — The  discussion  concerning,  the  nature 
of  nitrogen  lie  reserved  fur  liie  conclusion  of  the  lecture. 
His  general  inference  from  the  experiments  in  this  section 
was,  •'  that  potassium  and  sodium  can  with  no  more  pro- 
priety be  considered  as  compovnds  than  any  of  the  anciently 
known  metals,  and  that  they  belong  to  the  same  order  of 
substances." 

In  the  course  of  his  investigation  Mr.  Davy  described  a 
new  and  curious  ^as  composed  of  tellurium  and  hvdrngen, 
which  is  soluble  in  water,  which  cotubines  with  the  alkalis,' 
and  has  the  characters  of  a  weak  acid  :  a  new  fact  added  Jo 
thofe  already  known  concerning  sulphuretted  hydrogen, 
against  the  idea  of  oxygen  being  the  acidifying  principle. 

SOCIETY  OP  ANTIP.UARIES. 

This  Society  met  at  the  same  time  and  on  the  same 
evening  as  the  R(nal  Society.  A  curious  paper  by  Doctor 
Wuian,  on  "  New  Fire,"  was  read,  dciailinjr  the  process 
of  igniting  wood  bv  friction,  and  the  superstitious  customs 
of  the  Northern  nations  in  preserving  such  fire  unextin- 
guished ;  with  m.anv  incidental  particulars  of  ancient  man- 
ners and  customs  connected  with  this  ceremony.  Some 
letters  from  Sir  C.  Cornwallis,  when  at  the  court  of 
Spain  as  minister  to  .]ames  I.,  were  also  read;  but  they 
contained  little  that  was  either  very  novel  or  very  interesting 
respecting  the  manners  of  that  country.  The  ceremony  of 
the  bull-lea«:ts  has  bcen-often  described,  and  is  alreatly  suf- 
ficiently known. 


LVIIT.  InfelJ'igence  and  Misceihiieoiis  Articles. 

BOTANY. 

To  Mr.  Tilloc/t. 

Sin,  ItIaving  lattlv  had  occasion,  for  a  particular  purpose, 
to  ascertain  the  probable  number  of  plants  that  have  been 
described,  it  may  perhaps  save  some  of  your  botanical 
readers,  who,  like  me,  know  of  no  other  mode  of  satisfying 
their  curiosity  than  by  counting  the  number  of  species  in 
the  most  complete  emuneration  published,  the  pain  of  un- 
<leigoing  a  like  tedious  process,  if  I  put  ^)n  record  in  your 
excellent  publication  ihe  rcsull  of  mv  labour. 

The 
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TIt£  method  T  adopied  was  to  extend  upon  a  sheet  of 
paper  the  number  of  species  of  all  the  genera  emnneraled 
bv  Dr.  i\irton  in  his  translation  of  Gmehn's  edition  of  the 
Sjfsteina  Naturce,  and  then  to  add  them  together.  I  used 
this  work  as  far  as  the  class  Gynandria,  because  it  seems  to 
coiitaiu  all  VVilldenow's  specicn,  with  some  additions.  Gy- 
nandria and  M.'iiuecia  I  extracted  from  Wilk'enow's  first 
part  of  hi^  fourth  volume,  which  was  not  published  when 
Dr.  Turton's  work  canicout:  the  rt-maining  classes  were 
taken  from  Dr.  Turton.  From  this  examination  1  found 
that  in  these  works  are  described  C046  genera,  and -U), 803 
species,  of  plants  ;  of  which  638  genera  have  but  fine  spe- 
cies, 263  but  two,   174  but  ihree,  ar.d  124  but  f>ur. 

1  consider  this  enumeration,  however,  but  as  an  ap- 
proximation to  the  truth.  Willdeuow's  work  must  be  de- 
fective, and  I  conceive  Gmelin  to  be  particularly  so  in  the 
Cryptogamia  class.  Probably  we  should  not  be  far  from 
the  truth  if  we  call  the  number  of  described  plants  2?,00(>. 
The  first  edition  ot  Linnceus's  Species^ Ptantarum  contained 
only  7,300  species. —  I  au),  sir, 

Your  very  humble  «ervant, 

Nov.  14,   1805.  '  BOTANICHS. 

POISONOUS  EFFECTS  OF  CHAMPIGNONS. 

'  A  family,  consisting  of  the  father,  mother,  and  daughter, 
died  last  month  ni  the  commune  of  Portels,  in  France,  from 
the  effects  of  easing  champignons,  which  they  procured 
from  an  old  woman  wh.o  was  in  the  regular  habit  of  col- 
■  lecting  them  for  sale.  The  oid  woman  herself,  although 
she  had  ;ised  a  great  quantity  of  the  same  kind  of  cham- 
pignons as  food  for  several  meals,  escaped  ail  di  agreeable 
effects.  It  was  found,  upon  inquirv,  that  she  vas  iutoxi- 
ca  ed  with  sour  wine  at  all  her  meals,  and  the  effect  of  ve  j 
getable  acids  in  counteracting  narcotic  poisons  is  well  kno\\  n. 
It  is  somewhat  singular  tliat  the  persons  who  diet),  and  the 
inhabitants  o'i  the  place  where  they  lived,  concurred  iu 
assuring  the  medical  attendants  that  they  had  rcptateulv 
used  the  same  species  oi"  nui^hrooms  as  food  in  former  sea- 
sons, but  \^iihout  any  bad  effects.  The  French  naturalists 
have  sutigested  that  the  iusalubrious  state  uf  the  atmosphere 
during  last  autumn  may  have  given  the  poisonous  qualities 
to  the  champignons  in  question. 

MEDICAL  FUMIGATIONS. 

The  French  journals  lately  received  contain  various  re- 
ports from  different  parts  of  the  continent  on  the  subject 
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of  Guvtori  de  Morveau's  antiseptic  process.  In  Poland 
the  oxygenized  muriatic  acid  fumigations  were  resorted  to 
in  the  military  hospitals  with  the  greatest  effect:  not  only 
were  various  putrid  effluvia  dispelled  in  this  manner,  but 
the  vermin  of  all  descriptions  with  which  the  patients  were 
infested  were  extirpated.  M.  de  Laborde,  chief  physician 
in  the  marine  department  at  Antwerp,  on  the  18th  of  Oc- 
tober 1805,  communicates  the  following  account  to  M.  de 
Morveau  : — "  During  the  raging  of  the  present  epidemy, 
which  suddenly  attacked  a  great  number  of  persons,  we 
were  under  the  necessity  of  brmging  the  patients  from  the 
galleys  into  the  usual  hospitals,  in  one  hall,  which  was 
badly  aired,  and  where  numerous  cases  of  dysentery  and 
ataxic  fevers  corrupted  the  air,  I  had  recourse  to  the  oxy- 
genized fumigations,  and  succeeded  in  preventing  the  con- 
tagion from  spreading;  the  last-mentioned  patients  them- 
selves were  not  even  attacked.  Finally,  in  a  ward  where 
there  were  forty  or  fifty  severe  cases  of  dysentery,  a  form 
under  which  several  ataxic  quotidian  fevers  are  concealed, 
and  which  are  very  prevalent  at  this  season  of  the  year,  a 
few  fumigations  were  sufficient  to  banish  the  bad  smell, 
and  no  disgust  was  occasioned."  [The  same  process  is 
adopted  (in  preference  to  Dr.  Carmichael  Smith's)  on  board 
the  squadron  in  the  Scheldt ;  it  is  also  used  in  the  various 
naval  hospitals  ;  and  sometimes  great  advantages  are  derived 
by  directing  these  fumigations  on  putrid,  gangrenous,  or 
atonic  ulcers,  by  means  of  a  funnel.] 

REMEDY    FOR    TAPEWORM. 

Common  spirits  of  turpentine  have  been  recently  admi- 
nistered by  several  medical  gentlemen  of  the  metropolis, 
with  great  effect,  in  the  cure  of  tapeworm.  The  doses 
given  were  in  some  cases  so  large  as  two  ounces ;  but  those 
of  half  an  ounce  at  a  time,  repeated  twice  a  day,  were  o-e- 
nerally  found  to  answer  the  purpose  of  expelling  the  whole, 
or  at  least  the  greater  part  of  the  animal,  at  one  discharge. 
The  vehicle  in  which  the  turpentine  was  administered  was 
generally  honey. 

To  Mr.  Tilloch. 

Sir, — It  is  a  fact  known  to  most  good  housewives,  and 
should  be  known  to  all,  that  if  they  begin  to  grate  a  nut- 
meg from  the  stalk  end  it  will  prove  hollow  throughout, 
whereas  if  the  same  nutmeg  had  been  grated  from  the  other 
end  it  would  have  proved  solid  and  sound  to  the  last.  The 
reason  of  this  appears  to  be,  that  the  (;entre  of  a  nutmeg 
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consists  of  a  number  of  fibres  issuing  from  the  stalk,  and 
its  continuation  through  the  centre  of  the  fruit,  the  other 
ends  of  which  fibres,  though  closely  surrounded  and  pressed 
by  the  fruit,  do  not  adhere  to  it ;  the  consequence  is,  that 
when  the  stalk  is  grated  away,  those  fibres  having  lost  their 
hold,  they  insensibly  drop  out,  and  the  nutmeg  appears 
hollow ;  and  as  more  of  the  stalk  is  grated  awav,  others  of 
them  drop  out  in  succession,  and  the  hollow  continues 
through  the  whole  nut ;  whereas  by  beginning  to  grate  at 
the  other  end,  the  fibres  above  mentioned  are  grated  off  at 
their  core  end  with  the  surrounding  fruit,  and  they  do  not 
drop  out  and  cause  a  hole.  The  want  of  knowing  this  has 
caused  many  excellent  nutmegs  to  be  condemned  as  da- 
niaged  fruit,  and  others,  of  perhaps  less  value,  to  be  cora-». 
mended,  according  as  accident  or  caprice  caused  them  to 
be  grated  from  the  stalk,  or  top  end.  And  here  I  he^r  to 
mention,  that,  the  oil  of  nutmegs  beintr  of  great  value,  it 
has  often  been  extracted  from  the  nuts  which  are  exposed 
to  sale,  whereby  they  are  rendered  of  very  little  value  ;  and 
the  way  to  know  good  nutmegs  is  to  force  a  pin  into  them, 
when,  if  good,  however  dry  they  may  appear,  the  oil  will 
be  seen  to  ooze  out  all  round  the  pin,  bv  the  compression 
occasioned  in  the  surroundina;  parts  by  its  being  forced  in. 

-  F. 

To  Mr.  Til  loch. 
Sir, — Having  lately,  sometimes,  had  occasion  to  walk 
on  different  parts  of  the  banks  of  the  Thames  when  the  tide 
was  full,  I  observed  objects  much  better  on  the  other  side 
than  when  it  was  ebb  :  and  that  cattle,  houses,  trees,  &c.  in 
the  meadows,  as  well  as  the  mesdows  themselves,  that  did 
not  appear  at  all  when  the  tide  was  ebb,  seemed,  when  it 
was  full,  to  be  raised  up  very  considtrablv.  Has  any  of 
vour  correspondents  observed  this  with  regard  to  the 
Thames,  or  any  other  river,  where  the  meadows  behind  the 
banks  are  in  many  parts  lower  than  the  surface  of  the  river 
when  the  tide  is  full  ?  And  if  so,  could  they  explain  the 
physical  cause,  or  principle  in  optics,  on  which  it  depends  ? 

I  am,  sir,  yours,  Sec. 
137,  St.  Martin's  Lane,  '  JamES  HaLL. 

Sept.  12,  1809. 

VOLATILIZED    SILEX. 

M.  Vauquelin  has   lately  directed  his  attention  to  ihe, 
white  filamentous  substance  found  in  the  cavities  of  the 
fluxed   matter  which  is  attached  to  the  sides  of  high  fur- 
naces ; 
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races :  the  following;  is  ihe  accouat  given  of  this  phoeno- 
nienon  by  ISI.  Vauquclin  : 

"  In  melting  iron  ort-s  there  are  frequently  portions  of 
the  ore  which,  when  ihey  begin  to  assume  the  charactei' 
of  iron,  are  fixed  before  the  moment  of  flowing,  and  con- 
sequently remain  attached  to  the  sides  of  the  furnace.  In. 
these  pieces  of  iron,  cavities  are  found  which  are  filled  with 
a  white  lilamentons  substance  like  flexible  amianthus. 

*'  Several  metallurgists  have  noticed  this  substance,  and 
it  has  been  uniformly  regarded  as  an  oxide  of  zinc  ;  but  as 
I  boiled  it  in  various  acids,  which  had  no  action  on  it,  I 
thought  myself  warranted  in  concluding  that  there  was  not 
an  atom  of  zinc  present.  The  following  experiment  vvas 
therefore  made  with  a  view  to  ascertain  the  real  nature  of 
the  substances  in  question  : 

*'  Having  heated  this  substance  with  three  parts  of  caustic 
potash  in  a  silver  crucible,  it  was  perfectly  fused,  and  the 
mass  that  resulted  was  entirely  dissolved  by  water. 

'*  This  solution,  when  supersatu^~ated  with  dilute  mu- 
riatic acid,  did  not  become  turbid  ;  but  on  evaporation  it 
was  transformed  into  a  white  and  transparent  jelly,  wliich 
never  happens  with  zinc. 

"  The  matter  was  perfectly  desiccated,  and  the  residue 
treated  with  water,  when  I  obtained  a  white  powder  which 
presented  all  the  characters  of  pure  silex :  in  the  liquor 
from  which  I  obtained  it,  I  found  nothing  else,  not  even 
oxide  of  iron.  How  does  it  happen  that  silex,  which  ii 
always  mixed,  either  in  iron  ores  or  in  fluxes,  with  alumine 
and  lime,  is  separated  from  these  earths  in  a  state  of  purity 
so  perfect  that  no  foreign  matter  is  to  be  found  ? 

"^  The  filamentous,  and,  as  it  were,  crystallized  state  of 
the  silex  shows  that  it  had  been  reduced  into  vapours  by 
the  violence  of  the  fire,  and  afterwards  gently  condensed 
in  the  cooler  parts  of  the  furnace. 

'^  This  experiment  would  seem  to  prove,  not  only  tliat 
silex  is  volatile  at  a  certain  temperature,  but  also  that  it  is 
more  30  than  alumine  or  lime;  unless  we  suppose  these 
last  to  have  been  carried  up  much  higher  in  the  farpace  j 
which  is  not  very  probable.'' 

LIST    OF    PATENTS    FOR    NEW    INVENTIONS. 

To  Joseph  Bramah,  of  Pimlico,  engineer,- for  certain  im- 
provements in  the  constructing  and  making  wheels  for  all 
kinds  of  carriacres ;  and  also  a  new  method  of  locking  or 
sliding  the  w  heels  of  carriages  when  passing  down  steep  de- 
clinin'^  hills. — NoveiTiber  2,  I8O9. 

To 
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To  John  Isaac  Haukins,  of  Tifchficid  Street,  machinist, 
for  a  certain  instrument,  machine,  or  manufacture,  appli- 
cabic  in  mechanics  as  a  balance  or  equipoise. — Nov.  2. 

To  John  Barton,  of  Argyle  Street,  Westminster,  gent., 
for  his  improved  lamp  of  a  new  construction,  acting  upon 
the  natural  unerring  principle  of  the  difference  of  gravity 
betweeo  two  fluids,  which  produces  a  constant  supply  of 
oil  or  other  combustible  fluid  to  feed  the  wick  or  burner 
thereof  fountain  in  a  perpendicular  direction,  from  a  reser- 
voir beneath  the  flame,  having  the  quality  of  burning  or 
consuming  the  whole  of  the  oil  or  other  combustible  fluid 
applied  thereto. — Nov.  2. 

To  David  Meade  Randolph,  a  citizen  of  Virginia,  in  the 
United  States  of  America,  but  now  residing  in  Warwick 
Court,  Holborn,  merchant,  for  certain  imi)rovement3  in 
the  construction  of  wheeled  carriages  of  every  description. 
—Nov.  C. 

To  Edward  Griffith,  of  B:rmina;ham,  optician,  for  his 
new  invented  atr-tightagitab!e  lamp. — Nov.  Q. 

To  James  Hall,  of  Newbold  Astbury,  in  the  county  of 
Chester,  bookbinder,  for  a  method  of  making  and  manu- 
facturing shives,  or  shivers,  and  pulley  wheels  of  every  de- 
scription, and  various  other  articles,  from  certain  materials 
or  composition  of  earths  and  minerals,  which  render  the 
said  articles  more  durable  than  such  as  arc  made  in  wood  or 
metal. ^-Nov.  i4. 

To  Robert  Wass,  of  Sheffield,  cutler,  for  certain  im- 
provements in  the  construction  <>f  hafts  or  handles  for 
razors. — Nov.  21. 

To  John  Cragg,  of  Liverpool,  esq.,  for  certain  improve- 
ments in  the  castmg  of  iron  roofs  tor  houses,  warehouses, 
and  other  buildings,  and  in  covering  them  with  slate. — 
Nov.  2t., 

To  John  Tovvill  Ruff,  of  Riisinohall  Street,  London, 
John  Trctton,  of  St.  Andrev.-'s  liiii,  and  John  Webb,  of 
Clapton,  in  the  county  of  Middlesex,  for  their  various  im- 
proveiBL'nts  in  the  construction  of  machii>€S  for  niaking 
cards  for  carding  wool,  cotton,  flax,  silk,  and  all  substances 
capable  of  being  carded. — Nov.  21. 
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LIX.  Description  of  a  Rotative  Steam  Engine,  the  Piston 
of  which  makes  a  complete  Revolution  at  a  Distance  from 
the  revolving  Axis.  Invented  by  Mr.  Samuel  Clegg, 
of  Manchester. 

JVIany  attempts  have  been  made  to  produce  a  rotative 
motion  by  means  of  steam,  without  deriving  it  from,  or 
making  use  of,  the  rectilinear  motion  of  the  piston  in  the 
common  or  reciprocating  engine.  For  this  end  steam 
wheels  and  other  contrivances  have  been  resorted  to,  but 
hitherto  with  little  effect,  owing  to  less  of  steam,  or  to  an 
increase  of  friction  produced  by  the  means  employed  to 
prevent  this  waste.  Still  a  rotative  steam  engine  appeared 
lo  promise  so  many  advantages,  could  it  be  well  accom- 
pli'ihed,  that  some  engineers  continued  to  apply  their 
thoughts  to  the  subject,  and  Mr.  Clegg  announces  that  he 
has  succeeded  in  producing  a  simple  and  effective  engine 
of  this  kind,  for  which  he  has  obtained  a  patent.  This 
engine  has  no  outward  movements  except  ihe  revolving 
shaft,  which,  occupies  the  centre  and  works  through  a  stuff- 
ing box  in  a  cistern  of  water  M;  and  which  being  the 
only  opening  into  the  engine  prevents  the  entrance  of  all 
air  excepting  what  is  contained  in  the  water  used  for  in- 
jection. The  steam  pipe  is  at  P,  and  the  air  pump  is  within 
the  condensing  vessel.  The  following  is  a  description  of 
the  engine  :     See  plates  XIII  and  XIV. 

Fig.  1  is  the  underside  of  a  circular  piece  of  cast  iron, 
and  of  a  diameter  and  thickness  proportioned  to  the  size  of 
the  engine.  I  is  the  comjrion  centre  of  the  different  circles 
shown  on  this  piece.  With  any  convenient  radius  less 
than  that  of  A  A  describe  the  circle  CC,  and  within  the 
latter  the  circles  DDandEE — the  radius  of  the  latter 
being  the  least  of  those  now  named.  From  the  uses  of 
these  parts,  which  w-ill  be  immediately  described,  an  idea 
of  their  relative  dimensions  will  rer.dily  be  inferred. 

Let  that  part  of  the  surface  AB,  A  B  which  is  contained 
between  the  circles  A  aiid  C  be  plain.  Between  the  circles 
C  and  D  sink  a  circular  groove  C  D  of  any  given  depth  ; 
and  between  the  circles  D  and  E  let  another  circular  groove 
be  cut  of  the  breadth  D  E,  and  of  any  given  depth  less  than 
that  of  the  groove  C  D.  Let  the  remaining  part  of  the 
surface  A  B,  namelv,  that  included  between  K  and  B,  be 
cut  down  to  any  depth  less  than  the  depth  of  the  srcove 
DE. 

Into  the  groove  C  D  let  such  a  number  of  segments  of  a 
Vol,  34.  No.  110.  Dec,  IS09.  Cc  circle 
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circle  be  fitted  as  shall  form  a  complete  circle,  excepting 
the  space  LL,  which  is  occupied  by  adjusting  screws,  or 
spring*  to  keep  the  segments  close  together.  The  segments 
are  tl»e  breadth  (or  nearly)  of  the  groove  CD,  and  of  a 
depth  less  than  the  depth  of  the  groove  CD.  Tliose  sides 
of  them  which  apply  to  each  other  are  to  be  ground  to- 
gether plain,  and  air-tight  if  possible.  Their  under  sur- 
faces, which  are  shown  in  fig.  l.,  are  to  be  flat,  so  that 
the  whole  may  form  one  complete  plain  surface,  excepting 
the  space  before  mentioned,  which  is  taken  up  bv  adjust- 
,  ing  screws  or  springs  LL,  which  screws  or  springs  are 
placed  so  far  below  the  surface  as  to  let  a  roller  pass  by 
them,  which  will  be  mentioned  hereafter. 

Figs.  2  and  5  represent  vertical  sections  of  the  plate  and 
grooves  of  fig.  1,  resting  upon  a  circular  chamber  or  hol- 
low space  Y  Y,  to  which  chamber  the  said  plate  forms  a 
light  covering,  excepting  that  space  occupied  by  the  springs 
or  screws  LL  as  before  mentioned. 

I,  the  centre  of  all  the  grooves  and  circles  before  described, 
is  also  the  centre  of  the  shaft.  On  the  shaft  I  is  fastened 
a  plate  or  coupling  ZZ,  in  which  is  inserted  a  bar  F.  This 
bar  may  be  of  any  given  breadth,  but  in  depth  must  be  less 
than  the  depth  to  which  the  circle  EB  was  cut  down  below 
the  surface  A  B.  To  this  bar  is  attached  a  wheel  or  roller 
G,  shown  in  fig.  3  upon  a  larger  scale.  The  manner  in 
which  it  is  attached  to  the  bar  F  is  also  there  seen,  and  it 
is  so  attached  to  it  that  the  top  of  the  wheel  or  roller  G 
shall  always  be  higher  than  the  top  of  the  bar  F.  The 
vheel  G  being  attached  to  the  bar  F  will,  when  the 
bar  is  made  to  revolve,  describe  a  circular  path  HHH 
along  the  plain  surface  of  the  segments  before  described. 
Let  that  portion  of  the  plain  surface  of  each  segment  which 
answers  to  the  path  of  the  roller  G  be  rounded  off,  in  such 
a  inanner  as  to  make  that  portion  of  the  surface  an  arc  of  a 
circle,  the  convex  circumference  of  which  is  presented  to 
the  roller  G.  In  fig.  3,  at  II  is  shown  a  perpendicular 
view  of  one  of  the  segments,  rounded  off  in  the  manner 
described,  and  presenting  its  convex  circumference  to  the 
roller  G.  Tb.cre  may  likewise  be  another  roller  attached 
to  the  bar  behind  it,  to  lower  down  the  segments  in  the 
fiame  manner  in  which  they  are  raised  by  the  'first  roller. 
Now  it  is  obvious,  all  the  said  segments  being  in  their 
places  in  the  groove  CD  fig.  1,  that  the  roller  G,  in  per^ 
torming  a  revolution  round  the  centre  I,  nj us t  travel  along 
a  scries  of  convex  arcs  of  circles  ecjiial  in  viumher  to  the 
number  of  segments  in  the  groove  C  D.    The  groove  D  E 
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is  in  fact  a  recess  in  the  deeper  groove  C  D,  and  may,  if 
necessary,  be  filled  with  hemp  and  tallow,  or  any  other 
material  which  may  answer  the  purpose  intended. 
*"•  It  must  be  remembered  that  tig.  1  is  a  view  of  the  un- 
derside of  this  machinery.  Figs.  2  and  5  are  sections  of  it, 
supposed  to  be  in  its  proper  position  resting  as  a  cover 
to  the  circular  chamber  Y  Y,  and  the  segments  resting 
upon  a  flat  facing  O  O.  Each  segment  projects  over  the 
facing  O  O  on  both  sides;  their  projection  on  one  side 
completes  the  cover  over  the  hollow  chamber,  and  the  other 
is  the  rounded  surface  for  the  roller  to  lift  them. 

The  facing  O  O  is  exactly,  or  as  nearly  as  can  be,  level 
with  the  underside  of  the  plate  AB,  AB,  when  the  plate  is 
on  its  place,  as  represented  in  fig.  2;  so  that,  when  the 
segments  are  all  in  their  places,  they  complete  the  semi- 
circular chamber,  and  fit  so  close  on  their  seats  and  in  the 
groove,  that  were  the  chamber  to  be  filled  with  any  elastic 
fluid,  they  would  prevent  its  escape  (or  nearly),  excepting 
where  the  space  is  left  for  the  springs  or  adjusting  screws. 
*  The  use  of  these  segments,  which  arc  what  the  patentee 
claims  as  his  invention,  is  as  follows  :  Conceive  a  door  or 
valve  to  be  fitted  in  the  hollow  chamber  at  O,  and  a  piston 
R,  likewise  fitted  in  the  chamber  so  as  to  move  round  in 
it,  and  the  bar  F  made  fast  to  the  piston,  on  the  side  and 
in  the  manner  represented  in  fig.  1  :  then,  if  an  elastic 
fluid,  of  sufficient  strength,  enters  the  chanjber  at  N,  it 
will  press  equally  against  the  door  or  valve  and  the  piston  ; 
but  the  door  or  valve  being  immoveable,  and  the  piston 
moveable,  the  piston  will  be  propelled  forward  in  the  cir- 
cular chamber  by  the  elastic  fluid.  The  bar  F  being  fastened 
to  the  piston,  and  the  roller  G  to  the  bar  F  in  the  manner 
represented  in  fig.  3,  and  the  roller  being  in  motion  with 
the  bar  and  piston,  the  roller  will  lift  the  segments  in  suc- 
cession, as  it  comes  in  contact  with  them.  The  segments 
before  the  bar,  being  by  this  means  lifted,  allow  the  bar  to 
pass,  and  the  operation  being  the  same  in  all,  the  bar  and 
piston  make  a  complete  revcdution.  Each  segment,  as 
soon  as  the  bar  leaves  it,  falls  down  by  its  own  gravity,  or 
by  springs,  or  any  other  contrivance,  so  that  the  opening 
which  has  been  made  for  the  bar  to  pass  is  closed  before 
the  elastic  fluid  reaches  it  ;  the  clastic  fluid  being  kept  from 
the  opening  by  the  inner  breadth  of  the  piston  exceeding 
the  outer  diameter  of  each  segment.  The  door  or  valve  is 
Jjfted  out  of  the  way  of  the  piston,  when  tlie  piston  come? 
iu  contact  with  it^  into  the  opening  in  the  plate  at  N^  a  re- 
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cess  beinff  made  in  that  segment  which  is  opposite  the  door 
for  that  purpose ;  during  which  time  the  elastic  fluid  is  shut 
out;  but  it  enters  again  when  the  door  returns  to  its  seat, 
and  thus  the  operation  continues. 

The  preceding  particulars  are  drawn  from  Mr.  Clegg's 
specitication  ot"  his  invention.  For  the  i'ollowing,  by  which 
we  are  enabled  to  make  our  readers  acquainted  with  all  the 
parts  of  a  steam  engine  on  tliis  construction,  but  which 
«  being,  in  some  respects,  cornnion  to  all  steam  engines, 
were  not  specified,  we  are  indebted  to  the  patentee,  who, 
on  being  asked,  communicated  them  with  the  greatest 
readiness,  and  also  the  drawings  from  which  the  engravings 
have  been  made. 

The  exterior  of  the  engine  may  have  the  appearance  of  a 
low  pillar,  an  altar,  a  vase,  or  any  suitable  form  that  fancy 
may  direct. 

**  In  fig.  2,  c  is  the  condensing  vessel,  a  the  air  pump, 
Jj  the  air  pump  bucket,  d  the  hot  water  cistern,  e  the  clack. 
J'f,  the  inclined  plane  for  working  the  air-pump  bucket,  is 
fastened  on  the  shaft,  and  consequently  revolves  with  it. 
To  the  air-pump  bucket  is  attached  a  hollnvi'  lube  through 
which  the  shaft  goes.  To  this  tube  is  fastened  a  cross  bar, 
at  each  end  of  which  is  a  roller  r,  resting  upon  the  inclined 
plane:  of  course  when  the  plane  revolves  the  backet  rises 
and  falls.  The  plane  is  divided  into  two  different  angles  so 
as  to  make  it  more  acute  where  the  bucket  rises,  but  nearlv 
an  angle  of  43*^  where  the  bucket  descends,  as  represented 
in  the  drawing. 

"'  Fig.  4  is  a  view  of  the  engine  complete  when  at  work. 

**  Fig.  3,  a  section  of  the  principal  part  of  the  engine 
upon  a  larger  scale,  where  the  same  letters  employed  in  de- 
scribing the  smaller  section  mark  the  same  parts.  The  in- 
jection enters  the  groove  above  the  blocks,  and  keeps  about 
three  inches  of  waicr  upon  them.  The  injection  then  en- 
ters the  condenser,  out  of  the  groove  as  seen  at  X.  Each 
segment  or  block  K  is  of  sufiicient  weight  to  resist  thepres- 
sin-e  against  that  part  of  their  under  surface  Vvhich  is  over 
the  semi-circular  chamber,  and  will  generally  be  about 
5 -eighths  of  an  inch.  The  blocks  may  likewise  be  lifted 
exactly  in  tJK^ir  centre  of  gravity  by  means  oF  a  lever  in  the 
upper  part  of  the  groove,  and  worked  by  Ji  roller  or  sniall 
inclined  plane  fastened  to  the  shaft,  as  represented  by  the 
dotted  lines  in  '[\g.  5  ;  and  as  it  is  not  necessary  for  the 
bh^cks  to  rise  more  than  half  an  inch  or  o-eighlbs,  the  motion 
will  be  very  ea:>v:  -ind  whalercr  descending  pcvcT  the  blocks 

have,' 
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Jiave,  thev  will  propel  the  bar  forwards  proportioned  to 
their  weight  and  the  space  through  which  they  move,  so 
that  there  is  onlv  the  friction  of  the  blocks  to  overcome. 
Supposing  the  pressure  upon  the  piston  to  be  SOOlb.,  the 
weight  of  all  the  blocks  will  be  about  300lb.  for  such  a 
sized  piston,  and  will  seldom  exceed  more  for  the  largest 
engines,  as  the  space  for  the  bar  to  pass  will  be  nearly  the 
same  in  all,  the  strength  of  the  bar  depending  upon  its 
breadth,  not  on  its  thickness :  thus  800lb.  v/ill  move 
through  the  space  of  16  feet,  whilst  500ib.  goes  through 
the  space  of  half  an  inch:  then,  if  the  descending  of  the 
blocks  is  taken  into  consideratioi^  as  before  described,  the 
friction  of  the  blocks  will  make  no  sensible  difference  to  the 
progress  of  the  piston. 

"  llie  lid  M  being  the  only  opening  into  the  engine  and 
the  only  stuffing  box,  and  that  covered  with  water,  no  air 
can  enter  but  what  is  contained  in  the  water  used  for  in- 
jection. 

'^  A  very  Small  fly  is  requisite,  as  the  momentum  is  al- 
v/ays  in  one  direction,  and  that  may  be  at  any  convenient 
distance,  as  circumstances  may  require." 


LX.  Neiv  analytical  Reseaxches  on  the  Nature  of  certain 
Bodies,  being  an  Appendix  to  the  Bakerian  Lecture  for 
180S.  By  Humphry  Daw,  Esq.  Sec.  R.S.j  Prof, 
Clieni,  R.  L 

[Concluded  from  p.  347.] 

II.  Further  Inquiries  respecting  Sulphnr  and  Phosphorus. 

X  HAVE  stated,  in  the  last  Bakerian  Lecture,  that  hydrogen 
is  produced  from  sulphur  and  phosphorus  in  such  quanti- 
ties, by  Voltaic  electricity,  that  it  cannot  well  be  considered 
as  an  accidental  ingredient  in  these  bodies.  I  have  likewise 
stated,  that  when  potassium  is  made  to  act  upon  them,  the 
sulphurcts  and  phosphurets  evolve  less  hydrogen  in  the 
form  of  compound  inflammable  gas  by  the  action  of  an  acid, 
than  the  same  quantity  of  potassium  in  an  unconibined 
state,  and  from  this  circumstance  1  have  ventured  to  infer, 
that  they  may  contain  oxygen. 

On  the  idea  that  sulphur  and  phosphorus  arc  deprived  of 
some  of  their  oxygen  by  potassium,  it  would  follow,  that 
when  the  compounds  formed  in  this  experiment  are  de- 
composed, these  substances^oug'it  to-  be  found  in  a  new 
state;  deoxygenated,  as  far  as  is  comnaiible  with  their  cx- 
jstenpe  -ib. 'Contact  with  yv-isrtcrV 

'Cc2  With 
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With  the  view  of  examining  the  nature  of  the  substances, 
separated  by  the  action  of  muriatic  acid  upon  the  sulphurets' 
and  phosphurets  of  potassium,  1  combined  a  few  grains  of 
sulphur  and  phosphorus  with    one-fourth  of  their  weight"-' 
of  potassium,  and  exposed  the  compounds  to  the  action  of? 
a  strong  solution  of  muriatic  acid.     As  in  the  former  cases,' 
less  inflammable  gas  was  produced  than  would  have  been 
aflbrded  by  equal  quantities  of  the  uncon;ibined  potassium, 
and  considerable  quantities  of  solid  matter  separated  from 
both   compounds,  which,  after  being    washed,  were  col- 
^lected  in  a  filter. 

The  substance  which  separated  from  the  sulphuret  was 
of  a  dark  gray  colour*,  and  was  harsh  to  the  touch  ;  it  had 
no  taste,  and  at  common  temperatures  no  smell ;  but  when 
heated,  it  emitted  the  peculiar  odour  of  sulphur.  Its  spe- 
cific gravity  was  rather  less  than  that  of  sulphur.  It  softened 
at  a  low  heat,  so  as  to  be  moulded  like  wax  between  the 
fingers.  It  was  a  non-conductor  of  electricity.  When 
heated  upon  a  surface  of  glass,  it  soon  fused,  entered  into 
ebullition,  took  fire,  and  burnt  with  the  same  light-blue 
fiame  as  sulphur.  A  small  particle  of  it,  made  to  combine 
with  silver,  presented  the  fame  phaenomena  as  sulphur. 

The  substance  from  the  phosphuret  was  of  an  amber 
colour,  and  opaque.  It  could  not  be  examined  in  the  air, 
in  the  form  in  which  it  was  collected  (that  of  a  loose  pow- 
der) ;  for  as  soon  as  it  was  wiped  dry  it  took  fire,  and  burnt 
in  the  same  manner  as  phosphorus ;  wheri  melted  under 
naphtha,  it  was  found  to  differ  from  pho^:phorus,  in  being 
much  deeper  coloured,  perfectly  opaque,  and  very  brittk. 
Its  fusibility  uas  nearly  the  same,  and,  like  common  phos- 
phorus, it  was  perfectly  ncn-conductine. 

In  experiments  upon  the  union  of  potassium  with  sulphur 
and  phosphorus  the  heat. is  so  intense,  that  when  larger 
quantities  than  a  few  grains  are  used,  the  glass  tubes  are 
miiformly  fused  or  broken  in  pieces,  and  in  consequence  I 
have  not  been  able  to  operate  upon  such  a  scale,  as  to  make 
an  accurate  examination  of  the  substances  just  described, 
and  to  determine  the  quantity  of  oxvgcn  they  absorb  in 
being  converted  into  acid.  Metallic  vessels  of  course  can- 
not be  employed;  but  I  intend  to  try  tubes  of  porcelain,  in 
a  further  investigation  of  the  subject. 

It  is  evident  that  the  sulphur  and  phosphorus,  separated 
in  these  processes,  are  not  in  their  common  state  ;  and  the 
phaenomena  would  certainly  incline  one  to  believe  that  they 

*  Possibly  this  colour  rnay  have  been  produced  by  the  decompoiitiou  of 
a  film  cf  soap  of  naphtha  adhering  to  the  potassium. 
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«te  less  ; oxygenated.  It  may,  I  know,  be  said,  that  it  is 
possible  thallhey  are  merely  combined  with  more  hydrogen, 
and  that  the  sulphur  in  this  state  is  analogous  tothehydro- 
genated  sulphur  of  Berthollet,  and  to  the  alcohol  of  sulphur 
of  Lampadius. 

But  when  I  decompounded  drv  sulphuret  of  potash  by  mu- 
riatic acid,  of  the  same  kind  as  had  been  used  for  decom- 
pounding the  sulphuret  ofpotassium,  the  substance  produced 
seemed  to  b^  merely  in  that  form,  in  which,  according  to 
the  able  researches  of  Dr.  Thomson,  it  is  combined  with 
water;  and  notwithstanding  the  ingenious  experiments  of 
M.  A.  Eerthollet  and  M.  Robiquet*,  the  nature  of  the 
substance  produced  during  the  passasje  of  sulphur  over  ig- 
nited charcoal  is  far  from  being  fully  ascertained.  In  a 
series  of  experiments,  which  my  brother  Mr.  John  Davy 
had  the  goodness  to  undertake,  at  my  request,  in  the  labo- 
ratory of  the  Royal  Institution,  on  the  action  of  sulphur 
on  charcoal,  the  products  Vvcre  found  to  be  very  different, 
according  as  the  charcoal  employed  differed  in  its  nature. 
In  an  instance,  in  which  imperfectly  njade  charcoal  was 
employed,  the  liquor  that  passed  over  lelt  by  conjbustion  a 
residuum  that  hid  all  the  properties  of  carbonaceous  matter; 
which  agrees  with  the  observations  of  MM.  Dcsormes  and 
Clement ;  but  when  the  charcoal  had  been  well  burnt,  there 
was  no  such  residuum  produced.  It  was  found,  that  the 
same  charcoal  might  be  employed  in  a  number  of  processes 
till  it  was  nearly  entirely  consumed,  and  that  the  sulphur, 
not  rendered  Tujuid,  might  be  used  for  several  operations. 
In  all  .cases  mixtures  off  sulphuretted  hydrogen  gas  and 
hydrocarbonate  v.ere  evolved. 

I  particularly  examined  a  specimen  of  the  liquor  which 
had  been  obtained  in  the  last  process  from  charcoal  that  had 
been  often  used.  It  was  a  non-conductor  of  electricity,  and, 
when  the  Voltaic  spark  was  taken  in  it,  did  not  evolve  gas 
with  more  rapidity  than  sulphur;  and  this  gas  proved  to  be 
sulphuretted  .hydrogen. 

Supposing  the  liquor  to  contain  hydrogen  in  considerable 
quantities,  1  conceived  that  it  must  be  decomposed  by  oxy- 
murimic  acid ;  but  it  merely  absorbed  this  substance,  de- 
positing crystals  of  common  sulphur,  and  becoming  a 
#ui^  similar  tatlie  sulphuret'ied  muriatic  acid ;  though  when 

*  /t^vndlesde  ChAmif,  1807,  paje  144,  148. 

■^'iFivoineasiTi'eS  bftlw; mixed  gas,  agitatc-i  with  solution  of  potash,  left  a 
re'idimm  of  A  3.  'I'hese  were  detonated  with  5-5  of  oxygen  ;  the  whole  dl- 
jniuatic;!  waste  e_  of  this- pesiduuai  2-5  appeared  to  be  carbonic  acid. 

■    '       "  '  'Cc^l  water 
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water  was  in  troduced,  hydrated  sulphur  was  instantly  formed 
and  niuriatic  acid  gas  evolved. 

From  the  quantity  of  carbonic  acid  formed  bv  the  com- 
bustion of  the  carburetted  inllaniinable  gas,  produced  in  the 
operation  of  the  action  of  well-burnt  charcoal  upon  sulphur, 
it  may  be  conceived  to  contain  oxygen.  This  circumstance, 
and  the  fact  that  no  hydrate  of  sulphur  or  muriatic  acid 
gas  is  formed  by  the  operation  of  oxymuriatic  acid  upon  the 
liquor,  but  conmion  sulphur  j)recipitated ;  are  in  favour  of 
the  opinion,  that  the  sulphur  in  this  liquor  contains  less- 
oxygen  than  in  its  common  slate.  This  idea  has  likewise 
occurred  to  Dr.  Marcet,  who  is  engaged  in  some  experi- 
ments on  the  subject,  and  from  whose  skill  and  accuracy 
further  elucidations  of  it  may  be  expected. 

III.  Further  Inqjihies  respecting  carbonaceous  Matter. 

On  the  idea  which  I  have  stated,  page  73*,  that  the 
diamond  may  consist  of  the  carbonaceous  matter  combined 
with  a  little  oxygen,  I  exposed  charcoal  intensely  ignited, 
by  Voltaic  electricity  f,  to  nitrogen,  conceiviug  it  possible 
that  if  this  body  was  an  oxide,  containing  oxygen  very  in- 
tin)alely  combined,  it  might  part  with  it  in  small  propor- 
tions to  carbonaceous  matter,  and  give  an  important  result. 

The  charcoal,  which  had  been  made  with  great  care,  was 
preserved  for  a  quarter  of  an  hour  in  a  state  of  ignition,  in 
which  platina  instantly  fused.  It  did  not  appear  to  change 
in  its  visible  properties;  but  a  small  quantity  of  black  sub- 
limate, which  proved  to  be  nothing  more  than  finely-di- 
vided carbonaceous  matter,  collected  in  an  arborescent  state 
upon  the  platina  wire  to  which  the  charcoal  was  attached. 
Tlie  gas  had  increased  in  volume  one-sixth ;  but  this  was 
owing  to  the  evolution  of  carburetted  inflammable  gas 
from  the  charcoal;  the  nitrogen  was  unchanged  in  quantity, 
and,  as  far  as  my  examination  could  go,  in  quality.  The 
points  of  the  charcoal  where  the  heat  had  been  intense, 
were  rather  harder  than  before  the  experiment. 

1  have  mentioned,  page  102  |,  that  charcoal,  even  when 
strongly  ignited,  is  incapable  of  decomposing  corrosive  sub- 
limate. When  charcoal,  in  a  state  of  ignition,  is  brought 
in  contact  with  oxymuriatic  acid  gas,  the  combustion  in- 
stantly cease's.  I  electrified  two  pieces  of  charcoal  in  agloba 

*  Page  112  of  this  volume. 
,  t  The  a-ppa'atus  wa>  the  ,=anje  as  that  referred  to  page  13.     Thc'pov,*cT 
fciriploypd  was  th;it  of  the  b.ittciy  of  jOU  ui;ioi:^;ng  to  the  Royal  instituiioa. 

t  P,4ge  Isa'cJ' ih;s,voii;n>e.  ^ 
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filled  with  oxymuviatic  acid  gas,  which  had  been  introduced 
after  exhaustion  of  the  globe.  They  were  preserved,  for 
iisrarly  an  hour,  in  intense  ignition,  by  the  same  means  that 
bad  been  employed  in  the  experiment  on  nitrogen.  At  first, 
white  fumes  arose,  probably  principally  from  the  formatioa 
of  common  muriatic  acid  gas,  by  the  action  of  the  hydro- 
gen of  the  charcoal  upon  the  oxymuriatic  acid,  and  the 
combination  of  the  gas  so  produced,  with  aqueous  vapour 
in  the  globe  ;  but  this  effect  soon  ceased.  At  the  end  of 
the  process,  the  oxymuriatic  acid  iras  was  found  unaltered 
in  its  properties,  and  copper  leaf  burnt  in  it  with  a  vivid 
light.  The  charcoal  did  not  perceptibly  differ  from  the 
charcoal  that  had  been  exposed  to  nitrogen.  My  view  in 
making  this  experiment,  was  to  ascertain  whether  some 
new  combination  of  carbonaceous  matter  with  oxvgea 
might  not  be  formed  in  the  process,  and  I  hoped  lilcewiss 
to  be  able  to  free  charcoal  entirely  from  combined  hydrogen, 
and  from  alkaline  and  earthy  matter,  supposing  they  ex- 
isted in  it,  not  fully  combined  with  oxygen.  That  hydro- 
gen must  have  separated  in  the  experiment,  it  is  not  possible 
to  doubt ;  and  on  evaporating  the  deposit  on  the  sides  of 
the  globe,  which  was  in  very  minute  quantity,  and  acted 
like  concentrated  muriatic  acid,  it  left  a  perceptible  salina 
residuum.*. 

IV.  Further  Inquiries  respacling  Muriatic  Acid. 

The  experiments  on  muriatic  acid,  whicn  I  have  already 
had  the  honour  of  laying  before  the  Society,  show  that 
the  ideas  v.-hich  had  been  formerly  entertained  respecting 
the  difference  between  the  muriatic  acid  and  the  oxymu- 
riatic acid  are  not  correct.  They  prove  that  rauriatic  acid 
gas  is  a  compound  of  a  substance,  which  as  yet  has  never 
been  procured  in  an  uncombined  state,  and  from  one-thirJ. 
to  one-fourth  of  water,  and  thr.t  oxymuriatic  acid  is  com- 
posed of  the  same  subslance  (free  from  water)  united  to 
nxygen.  Tlipy  likewise  prove,  that  when  bodies  are  oxi- 
dated in  muriatic  acid  gas,  it  is  by  a  decomposition  of  the 
water  contained  in  that  substance,  and  when  rhey  are  oxi- 
dated in  oxymtiri.-itic  acid,  it  is  bv  combination  with  the 
oxygen  ill  thai  body. 'and  in  both  cases  there  is  alwavs  a 
union  of  the  peculiar  unknov/n  substance,  tlie  dry  Riurialic 
acid  uiih"  the  "oxidated  body. 

*  tharcoal,  over_  \vliich  ^ulphur  has  been  prssed.  as  \n  the  exp?rim?n"« 
p.ige  407,  35  h;,s.lieen  sljOVi-.i  by  AI.  iV.  Ben boiJe:,  coat.v'-.is  sulphur,  ajid 
ffiisPfinc!  ifret  iivihg  iieated  lO  v.liiterc=s  -,  such  ch.irco;il  is  a  ooi-.ductor  of 
electtici'.r.  and  doe*  not  ditlcr  in  its  eiternal  properties  from  coaittion  cxmr- 
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Gf  all  known  substances  belonging  to  the  class  of  acids, 
the  dry  muriatic  acid  is  that  which  seems  to  possess  the 
strongest  and  most  extensive  pov\ers  of  combination.  It 
luiites  with  all  acid  matters  that  have  been  experimented 
rpon,  except  carbonic  acid,  and  with  all  oxides  (including 
water),  and  all  inflammable  substances  that  have  been  tried, 
except  those  which  appear  to  be  elementary,  carbonaceous 
matter  and  the  metals  ;  and  should  its  basis  ever  be  sepa- 
rated in  the  pure  form,  it  will  probably  be  one  of  the  most 
powerful  agents  in  chemistry. 

I  have  lately  made  several  new  attempts  to  procure  un- 
combined  dry  muriatic  acid  ;  but  they  have  been  all  un- 
successful. 

I  heated  intensely,  in  an  iron  tube,  silex  in  a  very  mi- 
niTte  state  of  division,  and  muriate  of  soda  that  had  been 
fused;  but  there  was  not  the  smallest  quantity  of  gas  evolved. 
In  this  case,  the  silex  had  been  ignited  to  whiteness  be- 
fore it  was  used  ;  but  when  silex  in  its  common  state  wad 
employed,  or  when  aqueous  vapour  wes  passed  over  a  mix- 
ture of  dry  silex  and  dry  salt  in  a  porcelain  tube,  muriatic 
acid  gas  was  developed  with  great  rapidity. 

I  have  stated,  page  79*,  that  a  sublimate  is  formed  by 
the  combustion  of  the  olive-coloured  oxide  of  boracium  in 
oxymurialic  acid.  On  the  idea  that  this  might  be  boracic 
acid,  and  that  dry  muriatic  acid  might  be  separated  in  the 
process,  I  examined  the  circumstances  of  the  experiment;- 
but  I  found  the  sublimate  to  be  a  compound  of  boracic  and 
iriuriatic  acid,  similar  to  the  compound  of  muriatic  and 
phosphoric  acid. 

I  heated  freshly-sublimed  muriate  of  ammonia  with  po- 
tassium ;  when  the  quantities  were  equal,  as  much  hydro- 
gen gas  was  developed  as  is  generated  by  the  action  of  water 
on  potassium ;  much  ammonia  was  evolved,  and  nmriate 
of  potash  formed  ;  when  the  potassium  was  to  the  muriate 
as  4  to  1 ,  less  hydrogen  appeared,  and  a  triple  compound 
of  muriatic  acid,  anmionia,  and  potassium,  or  its  protoxide 
was  forriied,  which  was  of  a  dark-gray  colour,  and  gave 
ammonia  and  muriate  of  potash  by  the  action  of  water. 
There  was  not  the  sli2;htest  indication  of  the  decomposi- 
tion of  the  acid  in  the  experiment.  The  process  in  which 
this  decomposition  may  be  most  reasonably  conceived  tQ 
take  place,  is  in  the  combustion  of  potassium  in  the  phos- 
phuretted  muriatic  acid,  deprived  by  simple  distillation 
with  potassium  of  as  much  phosphorus  as  possible.     I  am 

*  Page  ]  16  of  the  preseiit  voluiiie. 

preparing 


Account  of  certain  Colours  dug  vp  at  Pompe'ia.      41! 

preparing  an  apparatus  for  performing  this  experiment, 
in  a  manner  which,  I  hope,  will  lead  to  distinct  conclu- 
sions. 


LXT.  Accmint  of  certain  Colours  dug  vp  at  Pompela. 
Read  to  the  National  Institute  the  6th  of  March  I8O9. 
By  M.  Chaptal*. 

XJ-ER  majesty  the  empress,  and  queen  did  me  the  honour 
to  present  me  with  seven  specimens  of  colours  found  is  the 
shop  of  a  colour  merchant  at  Pompeia. 

No.  1.  seems  to  have  received  no  preparation  from  hu- 
man art ;  it  is  a  greenish  and  saponaceous  argtl,  such  as 
nature  exhibits  in  several  parts  of  the  globe ;  it  is  analogous 
with  terra  Veronica. 

No.  2.  is  an  ochre  of  a  fine  yellow,  which  has  been 
cleansed  by  washing,  as  still  practised,  from  all  the  prin- 
ciples which  might  injure  its  fineness  or  purity.  As  this 
substance  becomes  red  v/hen  calcined  in  a  moderate  heat, 
the  yellow  colour,  which  it  has  preserved  without  any  alte- 
ration, furnishes  us  with  a  new  proof  that  the  ashes  which 
covered  Pompeia  were  not  very  hot. 

No.  3.  is  a  reddish-brown  of  the  same  nature  with  what 
is  now  used  in  commerce,  and  emploj  ed  for  the  coarse 
reddish  paint  applied  to  casks  in  sea  ports,  and  en  the 
doors,  windows,  and  railings,  belonging  to  some  houses. 
This  colour  is  produced  by  the  calcination  of  the  yellow 
ochre  already  mentioned. 

No.  4.  is  a  pumice-stone,  very  light  and  white;  its  tex- 
ture is  fine  and  serrated. 

The  three  rem.aining  packets  contained  compound  co- 
lours, which  I  was  obliged  to  submit  to  analysis  iu  order  to 
discover  their  constituent  principles. 

The  first  of  these  three,  being  No.  5,  is  a  fine  rich  and 
deep  blue  ;  it  is  in  small  pieces  similar  in  form.  The  ex- 
terior of  the  pieces  is  paler  than  the  interior,  which  is 
brighter  than  the  finest  Saunders  blue. 

The  muriatic,  nitric,  and  sulj^huric  acids  make  a  slight 
effervescence  uiih  this  colour ;  they  seem  to  brighten  it, 
even  after  a  long  ebullilion  :  the  oxygenized  muriatic  acid 
has  no  action  on  it. 

This  colour  has  therefore  no  connection  with  ultram.a- 
rine,  which  is  destroyed  by  these  acids,  as  observed  by 
Me?:r5.  Clement  and  Desormes. 

*  From  Jnnakidf  Chimie,  toiue  ixx.  p.  22. 
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Ammonia  has  no  action  on  it.  When  exposed  to  the 
flame  of  the  blow-pipe,  it  becomes  black,  ancJ  forms, a  frit (e 
of  a  reddish-brown  colour,  by  the  prolonged  action  of  the 
flame.  When  mclteu  by  thebiow-pipe  with  borax^  it  give* 
a  greenish-blue  glass. 

When  treated  with  potash  on  a  platina  saucer,  it  pro- 
duces a  greenish  fritte,  which  first  becomes  brown,  and 
ends  in  assuming  the  metallic  colour  of  copper.  This  fritte 
partly  dissolves  in  water  :  the  muriatic  acid  when  poured 
into  the  solution  forms  an  abundant  flaky  precipitate,  and- 
the  liquor,  when  decanted  from  above  the  first  precipitate, 
furnislics  a  considerable  additional  quantity  with  oxalate  of 
ammonia. 

The  nitric  acid  dissolves  with  effervescence  the  residue 
left  undissolved  by  the  alkali;  the  solution  is  coloured 
green.  x\mmonia  forms  a  precipitate  in  it,  which  it  re- 
dissolves  when  we  pour  it  in  excess,  and  the  solution  then 
becomes  blue. 

This  colour  therefore  seems  to  be  composed  of  oxide  of 
copper,  lime,  and  alumine;  it  resembles  Saunders  blue  in 
the  nature  of  its  principles,  but  differs  from  it  in  its  che- 
mical properties;  it  seems  to  be  the  result,  not  of  a  preci- 
pitation, but  the  effect  of  a  commencement  of  vitrification, 
or  rather  a  \.rwe  fritte. 

The  process  by  which  the  ancients-  obtained  this  colour 
seems  to  be  now  lost :  allthat  v.-e  knovv',  from  consulting 
•the  annals  cf  the  ar:s,  is,  that  the  use  of  this  colour  is  of 
a  more  ancient  date  than  the  destruction  of  Ponipeia. 
M.  Descostils  has  remarked  a  lively  shining  and  glass  blue 
on  the  hicroglyphical  paintings  of  an  Egyptian  monument, 
and  he  ascertained  that  this  colour  was  owing  to  the  pre- 
sence of  copper. 

Setting  out  from  the  nature  of  the  constituent  principles 
of  this  colour,  wc  can  compare  it  to  nothing  so  well  as  tbc 
Saunders  blue  of  the  moderns  :  when  we  consider  it  with 
respect  to  its  utility  in  tliC  arts,  we  may  with  advantage 
oppose  it  to  ultra??iarinc  and  azure,  particularly  since 
M.  Thenard  has  made  known  a  preparation  of  the  latter, 
which  admits  of  its  being;  employed  with  oil.  But  modern 
Saunders  blue  has  neither  the  lustre  nor  the  solidity  of  co- 
lour conspicuous  in  that  of  the  ancients  ;  while  azure  and 
ultramarine  are  much  higher  in  price  than  a  composition 
the  three  elements  of  which  are  of  little  value.  It  v»ou!d 
therefore  be  of  soipe  importance  to  discover  the  processes 
bv  which  this  blue  colour  was  prepared. 

No.  6.  is  a  palc-blae   sand,    miAcd  with  some  small 

whiiisli 
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tvhliish  grains.  Analysis  has  discovered  the  same  prin- 
ciples in  it  as  in  the  preceding ;  we  mav  consider  it  as  a 
composition  of  ihe  same  nature  in  which  lime  and  al-umine 
are  in  stronger  proportions. 

No.  7.  has  a  fine  rose  tint  j  it  is  soft  to  the  touchy  is. 
reduceB  between  the  fingers  to  an  impalpable  powder,  and 
leaves  on  the  skin  an  agreeable  rose-colour. 
■  When  exposed  to  heat,  this  colour  becomes  at  first  black, 
and  ends  in  white.  It, gives  out  no  perceptible  smell  of  am- 
monia. 

The  muriatic  acid  dissolves  it  with  a  slight  effervescence: 
ammonia  produces  in  the  solution  a  flaky  precipitate,  which 
potash  redissolves  entirely. 

The  infusion  of  gall-nuts  and  hydrosulphurct  of  am- 
monia did  not  denote  the  presence  of  any  metal. 

We  may  therefore  regard  this  red  colour  as  a  true  lac,  in 
•U'hich  the  colouring  principle  is  founded  uponalumine.  la. 
properties,  shade,  and  in  the  nature  of  the  colouring  prin- 
ciple, it  has  an  almost  perfect  analogy  wiih  the  madder  lac 
which  I  have  mentioned  in  my  treatise  on  dyeing  cotton. 
The  preservation  of  this  lac  for  nineteen  centuries  without 
any  perceptible  alteration,  is  a  phaenomenon  which  must 
astonish  chemists. 

Such  is  the  nature  of  the  colours  presented  tc  me  by  the 
empress:  they  seem  to  have  been  destined  for  painting i 
nevertheless,  if  we  examine  the  varnish  of  the  Roman 
earthen-ware,  of  which  we  find  such  immense  quantities 
j-]^herever  the  Roman  armies  have  been,  we  shall  be  con- 
vinced that  most  of  the  earths  in  question  have  been  cm- 
ployed  in  forming  the  varnish  with  which  these  pieces  of 
earthen-ware  are  covered. 

In  fact,  the  greater  part  of  these  earthen-wares  is  covered 
with  a  red  coating  which  has  nothing  vitreous  in  it,  and 
which  may  have  been  given,  tithcr  with  yellow  ochre,  or 
with  the  reddish-brown  kind,  reduced  by  bruisina;  to  a  fine 
paste,  incorporated  with  a  mucilaginous,  gummy,  or  oily 
body,  and  applied  with  a  pencil.  M.  d'Arcet,  who  has 
written  a  very  ingenious  work  on  the  Roman  potteries,  is 
in  possession  of  a  vase,  the  composition  of  which  is  of  a 
duty  red  colour,  and  the  surface  has  been  covered  with  the 
coating  above  meniioncd.  We  cbsen'e  in  it  the  place 
where  the  potter  has  left  off  covering  it ;  and  we  perceive 
on  the. bottom,  which  is  not  coated,  red  streaks,  which 
ihe  workman  had  laid  on,  in  order  to  cican  iiis  pencil,  or 
to  try  the  colour. 

It  is  by  no  means  rare  to  ilnd  other  vases,  the  body  of 

which 


41-4      Account  of  certain  Colours  dug  up  at  Pompeia. 

which  is  of  a  different  colour  from  that  of  the  red  coating 
which  covers  the  surface. 

Perhaps  the  Romans  even  made  use  of  saline  fluxes  to 
facilitate  the  haking  of  the  coverings  of  their  earthen-ware, 

M.  d'Arcet  has  completely  imitated  the  white  covering 
of  the  Etruscan  vases  by  employing  a  shining  white  argil^ 
with  which  he  mixes  a  twentieth  part  of  borax.  .Jl 

It  should  seem  that  the  Romans  were  not  acquainted,  in 
the  first  century  of  the  Christian  asra,  with  the  metallic 
fluxes  for  fixing  and  vitrifying  the  coverings  of  their  earth- 
en-ware:  at  least  the  analysis  of  the  coverings  of  Etruscan 
vases,  and  of  red,  white,  or  brown  earlhen-ware,  gave  no 
indications  of  metal  either  to  M.  d'Arcet  or  myself.  It 
was  only  in  later  periods  that  the  sulphurets  of  copper  and 
of  lead,  as  well  as  the  oxides  of  this  la-st  metal,  were  em- 
ployed. We  sometimes  indeed  find  these  metallic  cover- 
ings on  some  vases  that  have  been  dug  up,  but  their  manu- 
facture does  not  seem  to  me  to  have  been  posterior  to  the 
ffira  when  the  Romans  occupied  Gaul :  for  all  those  which 
I  examined,  and  the  origin  of  which  is  evidently  prior  to 
these  first  periods,  presented  no  trace  of  copper  or  lead  on 
analysis. 

Sometimes  the  black  colour  alone  presents  characters  of 
■vitrification.  I  have  seen  several  specimens  of  ancient 
earthen-ware,  in  which  this  is  indubitable;  and  I  have 
always  thouglit  that  the  vitreous  lava  formed  the  basis  of 
these  coverings,  the  fusion  of  Vvfhich,  naturally  easy,  was 
aided  by  the  mixture  of  saline  fluxes.  I  published  my 
work  on  this  subject  twenty-five  years  ago :  M.  Fourmy 
has  made  a  successful  application  of  my  di'rcoveries  in  his 
manufacture  at  Paris,  and  M.  d'Arcet  has  added  his  expe* 
rience  to  mine. 

To  conclude  :  the  earthen-ware  of  the  Romans,  particu- 
larly their  Etruscan  vases,  have  been  baked  in  a  much  lower 
heat  than  that  which  we  now  employ  :  we  may  estin)ate 
the  former  at  the  seventh  or  eighth  degree  of  Wedgwood'3 
pyrometer:  and  at  this  degree  of  heat,  as  proved  by  M. 
d'Arcet,  we  cannot  employ  the  oxides  of  lead,  which  pe- 
netrate the  clay,  and  leave  the  colour  on  the  surface  jvilU- 
out  any  brilliancy. 

We  are,  v.ilhout  doubt,  far  superior  to  the  ancients  in 
the  art  of  the  potter.  The  numerous  n)etallic  oxides  suc- 
cessively discovered,  have  furnished  us  with  the  means  of 
enriching  our  potteries  with  a  variety  of  colours  as  brilliant 
as  they  are  durable,  at  the  same  time  that  a  better  assorlecj 
ttiixtvire  of  the  j^arths  has  admitted  of  our  adding  the  greatest 

hardness 
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hardness  to  an  almost  absolute  infusibility  :  but  the  Etrus- 
can vases  will  aUvays  be  in  request,  in  consequence  of  the 
beautv,  elegance,  and  regularity  of  their  forms  ;'  and  every 
thing  connected  with  the  history  and  arts  of  the  Romaa 
people  must  be  interesting  to  the  progress  of  industry. 


LXir.  On  Respiration.  Bz/William  Allex,  £59.,  F.R.S. 
G/?(i  William  Has LEDiNE  PepySj  Esq.,  F.R.S. 

[Concluded  from  p.  387.] 


Experiment  IV.     Oxi/gen  Gas. 


JL  he  pig  hitherto  employed  was  put  into  the  glass  vessel 
A,  which  with  the  tube  contained  Co  cubic  inches  of  at- 
mospheric air;  250  cubic  inches  of  oxygen,  containing 
5  per  cent,  of  azote,  were  admitted  into  the  gasometer 
communicating  with  B,  and  during  a  quarter  of  an  hour 
were  made  to  pass  slowly  through  the  vessel  in  which  the 
animal  was  confined,  to  the  empty  gasometer  communicatingj 
with  C,  where  it  measured  exactly  250  cubic  inches  ;  a 
portion  was  preserved  in  the  mercurial  bath  for  examina- 
tion, and  the  gasometer  B  was  replenished  with  250  cubic 
inches  of  the  same  oxygen  -,  this  was  passed  in  about  the 
same  time  as  before,  through  A  into  gasometer  C,  whea 
it  measured  248  cubic  inches. 

250  cubic  inches  more  of  the  oxygen  were  now  admitted 
into  gasometer  B,  and  passed  in  the  same  manner  throu2:h 
A  into  C,  where  they  measured  249. 

The  gasometer  B  was  for  the  fourth  and  last  time  sup- 
plied with  250  cubic  inches  more  of  the  oxv^en,  which  were 
passed  as  before,  through  A  into  C,  during  about  a  quarter 
of  an  hour,  and  then  measured  2^J9. 

Tile  pig  had  remained  in  the  vessel  one  hour  and  twelv« 
minutes;  it  did  not  appear  to  have  suffered  in  the  least; 
portions  of  the  respired  gas  were  saved  from  each  of  the 
gasometers,  and  examined  as  usual. 

Oxr^ea.       Azote. 


Cubic  Inches. 

Contained  in         Carb.  Acid 

100  parts. 

No.    1.      250 

Carb.  acid       8         20 

Oxvgen          66 

Azote             26 

165 


100 


65 


No.  e. 
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C.ibii 

No.  2. 

z  Inches, 
248 

219 

249 

60 

On  Re, 

Contained  i 
100  parts. 

Carb.  acid 

Oxygen 

Azote 

Carb.  acid 

Oxygen 

Azote 

.  Carb.  acid 
Oxygen 
Azote 

Carb.  acid 

Oxygen 

Azote 

z  experimcutj 
iency, 

'Spirati 

ia 

10 

78 
12 

'on. 

Carb.  Acid. 
24 -SO 

21 -DO 

29-S8 

7*20 

Oxygen.     Atotc, 

193-44 

29-76 

•No.  3. 

100 

10 
80 
10 

199-20 

24*90 

100 

No.  4. 

12 

79 

9 

196-71 

22-41 

In  Glass  A, 
and  tube  C. 

100 

12 

79 

9 

47-40 

5-45 

1056 

100 

106'78   1 

301-73  147-32 

Total_,  ga; 

>  befon 
after 

Defici 

1 

1060 
1056 

4 

Crdailatlonfoi'  Oxygen. 

We  do  not  calculate  upon   the   tube  from  gasometer  B, 
because  it  is  always  in  the  same  stale  after  the  experiment 
as  before. 
1000  cubic  inches  of  oxygen  containing 

5  per  cent,  azote,  consisted  of  950  pure  oxygen 

€d  Atmospheric  air   with  the  pig,  and  in 

tube  C,  containnig  21  per  cent,  oxxgen     12-60 

Total,  oxygen  before  experiment,       962-60 
Oxygen  found  after  exnerimejit,  801 '75 
Ditto  in  carbonic  acid         -         IGoTS 

903-53 

Oxygen  missing,  -  5»-07 

CahulaiUm 
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Calculation  for  Azote. 

1000  cubic  inches  containing  5  per 

cent,  azote  -  -         -         -         50 

60  atmospheric  air,  containing  79  per  cent.  47*40 

Total  azote  before  experiment,        97*40 
Ditto  found  after  experiment,         147*52 

Increase  of  azote,  -         -         50*12 


This  increase  of  azote  was  much  more  than  equal  to  the 
cubic  contents  of  the  animal's  body,  the  deficiency  of  4 
cubic  inches  was  doubtless  oxygen  absorbed. 

Summary  of  the  Experiment. 

S       a       j^a,      «  ^      «;=      "t  5      "S  r         ?         >^g         c^ 

«        H        C.S        02       Q       0<2        Oc,         H  02  <^ 

29-05   57"      1060      1056        4         106       148     Ih.  12m.    54-07       50-12 

Experiment  V.     Oxygen, 

In  this  experiment  we  employed  a  smaller  pig,  which  oc- 
cupied the  space  of  33  cubic  inches,  and  our  object  was  tp 
keep  him  for  the  same  length  of  time  in  a  smaller  quantity 
of  gas;  we  therefore  only  used  750  cubic  inches  of  oxygen, 
beside  the  common  air  contained  in  the  glass  A,  and  tube, 
amounting  to  &Q  cubic  inches ;  the  first  250  cubic  inches 
were  passed  through  the  glass  A  into  C  in  24  minutes, 
where  it  appeared  to  have  undergone  no  alteration  of  volume. 
250  cubic  inches  more  were  passed  during  the  next  23 
minutes,  and  these  measured  248  in  C;  the  last  250  were 
passed  in  24  minutes,  and  the  volume  remained  unaltered. 
The  animal  did  not  appear  to  suffer  the  slightest  incon- 
venience, except  from  the  confinement. 

State  of  the  Gas  before  Reipirntion. 

Oxyf^en.        Azote. 

66  cubic  inches  of  atmospheric  air,       =      13-S6     52-14 
750  oxygen,  containing  5  percent,  azote,  =   712*50     37-50 


816  total  consisting;  of  726-36     89-64 


The  oxygen  was  tried   before  as  well   as  after  the  experi- 
ment, and  both  the  results  agreed  perfectly  with  each  other. 
Vol.  34.  No.  no.  Dtc.  1609.  D  d  We 
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We  now  examined  portions  of  gas  preserved  from  the  three 
gasometers,  with  lime-water,  and  the  tests  for  oxygen. 

Time.  Contained  in  Ciirbonic  Oxygen.     Azotf. 

iniu.  100  parts.  acid. 

No.  1.  230.     24     Carb.  acid     9*5     23-73 

Oxygen       60'3  151 '23 

Azote         30  75 

100 


No.  2.  248.    23     Carb.  acid     9-3     23-56 

Oxygen       81  200- 88 

Azote  9-5  23'56 

100 

No.  3.  250.     24     Carb.  acid   10        25 

Oxygen        82  205 

Azote  8  20 

100 
66  with  pig,  as  No.  3.  CrGo     54-12       5'2» 


814        71  78-yi    611-25   123-84 


Calculation  for  Oxygen. 
Oxygen  before  the  experiment  -  726-36 

Ditto  after  -  -  -         611-25 

In  carbonic  acid  -  -  78*91 

690-16 


Loss  of  oxygen     36-20 

—         ■    I    it 

CalcjilafAonfor  Azote. 
Azote  found  after  experiment         -         123*84 
Ditto  before  experiment         -         -  89*64 


Increase  of  azote.      34*20 
Summary  of  the  Experiment. 
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The  quantity  of  azote  added,  of  oxygen  missing,  and  of 
carbonic  acid  formed,  were  sniaJler  than  in  the  last  experi- 
ment; but  the  animal  in  this  instance  was  smaller,  as  well 
as  the  quantity  of  oxygen  passed  through  in  a  given  time. 

In  this  case,  as  in  the  human  subject,  the  increase  of 
azote  takes  place  principally  in  the  early  periods.  The 
whole  azote  contained  in  the  66  cubic  inches,  confined 
with  the  pig,  was  only  52' 14;  but  supposing,  which  per- 
haps was  not  the  case,  that  the  QQ  of  common  air  were 
expelled  by  the  first  250  cubic  iiiches  of  oxygen,  we 
should  have  230 
less     QQ 


184  of  oxygen, 

containing  5  per  cent,  azote,  or  9*20  cubic  inches ':  these 
added  to  the  52'14,  would  make  61*34  of  azote  to  be  found 
in  the  first  gasometer  of  respired  gas,  but  we  detected  75, 
so  that  even  on  this  supposition  ]3"66  of  azote  were  added 
in  the  first  twenty-four  minutes. 

The  azote  contained  in  the  second  gasometer  before  re- 
spiration, was  12*50  cubic  inches,  but  after  it  had  beea 
respired  for  twenty-three  minutes,  we  found  23*75,  or  an 
increase  of  ]  1*25  azote.  The  azote  contained  in  the  third 
gasometer,  before  respiration,  was,  as  before,  12*50  cubic 
inches;  but  after  it  had  been  respired  for  twenty-four 
minutes,  we  found  20,  or  an  increase  of  7*50  azote. 

The  azote  contained  in  the  6Q  cubic  inches  was  3*30, 
but  we  found  5*28,  or  an  increase  of  1*98  azote. 

From  the  results  of  these  experiments,  it  seemed  that 
when. the  usual  proportion  of  azote  was  not  present  in  the 
gas  respired,  there  was  a  disposition  in  the  blood  to  give 
out  a  certain  quantity  in  exchange  for  an  equal  volume  of 
oxygen,  and  we  resolved  to  trv,  whether  this  circumstance 
would  occur  when  hydrogen  was  substituted  for  azote  ;  we 
accordingly  made  a  mixture  containing  22  percent,  oxygen 
and  78  hydrogen. 

Experiment  6.    Hydrogen  and  Oxygen. 

The  pig  employed  in  the  last  experiment  was  placed 
upon  the  stand  in  the  glass  A,  with  66  cubic  inches  of 
com  n  J  on  air  as  usual.. 

250  cubic  inches  of  the  mixture  were  passed  from  the 
gasometer  communicating  with  B,  through  the  glass  A  into 
the  gasometer  communicating  with  C,  during  sixteen  mi- 
nutes. The  animal  did  not  appear  uneasy  :  a  second  quan- 
tity of  250  cubic  inches  was  passed   in  seventeen  minutes 

Dd  2  and 
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9lfid  three  quarters :  the  animal  did  not  seem  to  be  in  ihe, 
least  incommoded. 

A  third  quantity  of  250  cubic  ipebss  was  passed,  in  about 
sixteen  minutes. 

And  a  fourth  quantity  of  259  cubic  inches  in  ejeven  mi- 
nutes and  three  quarters ;  but  during  tins  tifne  the  animal 
became  verv  skepy,  and  towards  the  end  Oi  the  experiment 
kept  his  e\  es  constantly  shut ;  he,  however,  appeared  to 
suffer  nothing,  and  was  easily  routed  for  a  short  time  by 
rapping  at  the  side  of  the  glass."  At  the  end  of  sixty-one 
.  minutes  and  a  half  he  was  taken  out,  and  we  found  that 
durino;  this  time  he  had  produced  60*20  cubic  inches  of 
carbonie  acid  gas,  or  rather  less  than  one  cubic  inch  in  a 
minute. 

ft  .'ippcars,  that  less  carbonic  acid  was  evolved  in  this  in- 
stance in  a  given  time,  than  when  oxygen  was  respired, 
but  some  circumstances  occurred  to  prevent  us  from  dis- 
covering what  change  the  azote  had  experienced  :  this  point 
was,  however,  decided  by  the  following  experiment. 

Experiment  7-    Hydrogen  and  Oxygen. 

Having  mixed  hydrogen  and  oxygen  gases  in  such  pro- 
portion us  that  the  oxygen  should  rather  exceed  the  quan- 
tity contained  in  atmospheric  air,  we  placed  ihe  same  ani- 
mal in  the  glass  A  with  66  cubic  inches  of  atmospheric  air. 
250  cubic  inches  of  the  mixture  were  admitted  into  gaso- 
meter B,  from  the  large  water  gasometer,  and  gradually 
passed  through  the  glass  A  into  gasometer  C,  during  fifteert 
minutes.  I'lie  pig  did  not  appear  uneasy,  and  the  respired 
gas  measured  250  in  C  :  a  portion  of  this  was  preserved  for 
examination,  which  we  shall  call  No.  1. 

250  cubic  inches  more  of  the  mixture  were  admitted  in- 
to B,  and  gradually  passed,  as  before,  during  thirteen  mi- 
nutes;  it  measured  250  in  C;  and  a  portion  No.  2  was 
preserved  for  examination. 

The  aninial  did  not  seem  to  suffer  any  inconvenience. 
250  cubic  inches  more  of  the  mixture  were  admitted  into  B, 
and  gradually  passed,  as  before,  through  A  into  C  during 
seventeen  m.nutcs.  'I'he  animal  now  became  quite  sleepy, 
but  did  not  appear  to  suffer  any  thing.  He  was  taken  out 
at  the  end  of  forty  minutes. 

At  the  close  of  the  experiment,  the  remains  of  the  mi\'- 
ture,  which  had  stood  about  an  hour  in  the  large  water 
gasometer,  being  exan)ined,  was  found  to  contain  22  per 
cent,  of  oxygen  and  no  carl)onic  acid;  of  the  residual  78 
parts,  20  w^re  mixed  with  10  of  oxygen,  which  had  been 

previously 
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previously  found  to  contain  3  per  cent,  azote;  these  30 
parts  l)eing  detonated  in  Davy's  improved  Volta's  eudiome- 
ter, bv  the  electric  spark,  were  reduced  to  3  parts,  and 
these  3  parts  being  treated  with  the  tests  for  oxygen,  were 
reduced  to  2  parts,  a  proof  that  all  the  hydrogen  had  been 
consumed;  but  the  10  parts  of  oxygen  contained  0-3  of 
azote  ;  this  deducted  from  -2,  leaves  r?  for  the  azote  con- 
tained in  20  parts  of  the  residuum  78. 
20  :  1-7  ::  78  :  6-6 
The  mixture  employed,  therefore,  contained  in  every.  100 
yarts  22      oxvgen 

Q-Q  azoie 
71  "4  hydrogen 

100 


We  next  examined  the  gas  which  had  been  respired. 

No.  1.  250  cubic  inches  respired  duriuii  fifteen  minutes. 

100  parts,  subjected  to  the  action  of  lime  water  in  Pepys's 
eudiometer,  were  reduced  to  93-3,  and  this  by  the  tests  for 
oxygeii  was  further  diminished  to  77  :  20  parts  of  this  77, 
mixed  with  10  of  oxygen  and  detoniited,  the  residuum 
treated  with  the  tests  for  oxygen,  left  \9.  parts  which  were 
azote. 

From  these  12      parts 

Deduct  -3  for  the  azote  in  the  10  parts  oxygen, 

Leaves      ir7  for  the  azote  contained  in  20  parts 
of  the  residual  77- 

20  :  11-7  :  :  77  :  45 
No.  1.  therefore  consisted  in  100  parts,  of 
6'o  carbonic  acid 
16*5  oxygen 
45  ,     azote 
32       hydrogen 


100 


No.  2.  250.  Respired  during;  thirteen  minutes;  100 
parts  were  reduced  by  lime  water  to  92'3,  and  these  h\  the 
tests  for  oxygen  to  77.  Of  these  77  parts,  20  being  mixed 
with  10  of  oxygen,  and  detonated,  were  diminished  to  4, 
and  these  -1  being  exaniined  lor  oxvgea  lei't  3,  vvfiich  must 
tee  azote  : 

D  d  3  From 


422  On  Respiration. 

From  these     3 
,  Deduct  '3  for  azole  in  the  JO  parts  oxygen. 

Leaves  2*7  for  the  azote  contained  in  20 

.  parts  of  the  residual  77. 

20  :  2-7  :  :  77  :  10-4 
]Mo.  2.  therefore  consisted  in  100  parts,  of 
7*5  carbonic  acid 
15' 5  oxygen 
10'4  azote 
66'6  hydrogen 


100 


No.  3.     250.     Respired  during  seventeen  minutes;  ex- 
amined as  above,  consisted  in  lOO  parts,  of 
6      carbonic  acid 
1 7      oxygen 

6*5  azote 
70-3  hydrogen 


100 


The  66  remaining  with  the  animal  at  the  close  of  the  ex- 
periment, may  be  considered  as  very  nearly  the  same  as 
No.  3. 

In  this,  as  in  the  former  experiment,  we  observed  that 
the  evolution  of  carbonic  acid  was  greatest  at  the  middle  of 
the  time,  but  was  considerably  diminished  toward  the  end, 
as  the  pig  became  sleepy ;  it  is  not  improbable,  therefore, 
that  during  sleep  less  carbonic  acid  is  evolved  than  when 
the  animal  is  exercising  all  its  faculties. 

When  atmospheric  air  alone  is  respired,  we  have  uni- 
formly found,  that  the  carbonic  acid  evolved,  added  to  the 
oxygen  remaining,  exactly  equalled  the  oxygen  existing  in 
the  air  before  it  was  respired,  but  in  the  present  instance  it 
was  one  per  cent,  more,  a  circumstance  which  we  are  at 
present  unable  to  account  for,  but  it  was  constantly  the 
case  in  all  the  three  trials. 

Calculation  for  Azote. 

From  the  foregoing  statement  we  are  enabled  to  ascer- 
tain i!ie  quantities  of  azote,  both  before  and  after  the  ex- 
periment. 

Azote 
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Azote  lefore  the  Experiment. 
€6   cubic  inches  atmospheric  air,  with  the  animal 

contained -p'-3^  or  _  -  _  32*  14 

750  of  the  mixed  gases  contained -jSq^  or     49'50 


816    total  gas  employed 


101-64 


The  total  azote  before  the  experiment  was  therefore  101-64 
cubic  inches. 

Azote  after  the  Experiment. 

Respired  durincj 


No.  1.      250.  13nnn.  100  :   45 

2.  250.  13  min.  100  :    10-4 

3.  250.  17  niin.  100   :      6-5 

66.  100   :     6-5 


■?.50  :  112-50 

250  :  26 

250  :  16-25 

66  :  4-29 


816      45  min.     Azote  after  experiment     15^-04 
Ditto  before  101-64 


Increase  of  azote 


57-40 


-  Calculation  for  Hydrogen. 

Hydrogen  hfore  Experiinent. 
The  mixture  before  the  experiment  was  found  to  contain 
71-4  hydrogen. 

100  :  71-4  :  :  750  :  535*50 
Therefore  the  total  quantity  must  be  535-50  cubic  inches. 

Hydrogen  after  Experiment, 


No.  1.   250.        100   :    32 

2.  250.         100   :  666 

3.  250.         100  :    /0-5 

66  inA  100  :   70-5 


250  :  SO 

250  :  166*50 

:bQ  :  176*25 

66  :  46-53 


Hydrogen  found  after  experiment     469-28 

Hydrogen  before  ilie  experiment       535*50 
Ditto  after  -  _         -         469-28 


Loss  of  hvdro?-en 


66-22 


In  this  experiment,  as  well  as  in  those  with  oxygen,  the 
proportioa  of  azote  evolved  was  greater  in  the  early  than  in 
the  later  periods,  and  it  becomes  interesting  to  contrast  them: 

D  d  4  Thu* 
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Thus  we  know  that  52*14:  cubic  inches  of  azote  were  in  the 

vessel  uith  the  animal  at  the  be- 
ginning ot  the  experiment,  and 
that,  ot  the  250  cubic  inches  of 
mixed  gases  passed  in  the  first 
fifteen  minutes,  only  184  could 
be  expelled  into  gasometer  C, 
(100  :  66  1 :  184  :  12-14)  which 

Contained  only  12-14 

making  together  64- 2S  of  azote,  which  was  all  that 
could  have  been  expected  in  the  first  gasorv.etcr  of  250  alter 
respiration,  supposing  the  whole  of  the  common  air  had 
been  expelled,  but  we  detected  112*50,  or  an  increase  of 
48*22  cubic  inches  in  fifteen  minutes. 

The  second  gasometer,  before  it  was  connected  with  the 
glass  A,  contained  but  16-50  cubic  inches  of  azote;  we 
found,  however,  about  26,  and  what  is  remarkable,  iuthe 
last  gasometer  there  was  no  increase  at  all. 

Calculation  for  Carbonic  Acid. 

No.  1.      250.      15min.      100   :   6'o   :  :   250  :    16.25 

2.  250.      13min.      100  :   7*5   :  :  250  :    18*75 

3.  250.      17min.     100  :  6       ::   250  :   15 

66.  -  100  :  6      ::     66  :     3*96 


45  53*96 


The  quantity  of  carbonic  acid  evolved  in  45  minutes  was 
therefore  53*96  cubic  inches,  or  at  the  rate  of  1*19  cubic 
inches  per  minute. 

The  foregoing  experiments  seem  to  prove, 

1.  That  when  atmospheric  air  alone  is  respired,  even  by 
an  animal  subsisting  wholly  upon  vegetables,  no  other 
change  takes  place  in  it,  than  the  substitution  of  a  certain 
portion  of  carbonic  acid  gas,  for  an  equal  volume  of  oxygen. 

2.  That  when  nearly  pure  oxygen  gas  is  respired,  a  por- 
tion of  it  is  missing  at  the  end  of  the  experiment,  and  its 
place  supplied  by  a  corresponding  quantity  of  azote;  the 
portion  evolved  in  a  given  time,  being  greater  in  the  early 
than  in  the  later  periods. 

3.  That  the  same  thing  takes  place  when  an  animal  is 
made  to  breathe  a  mixture  of  hydrogen  and  oxygen,  in 
which  the  former  is  in  nearly  the  same  proportion  to  the 
latter,  as  azote  to  oxygen  in  atmospheric  air. 

4.  That  an  animal  is  capable  of  breathing  a  mixture  of 

78  parts 
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7S  parts  hydrogen,  and  22  oxygen,  for  more  than  an  hour, 
v/ithout  suffering  any  appartnt  inconvenience. 

5.  That  the  excitability  oKan  animal  is  much  diminished 
when  he  breathes  any  considerable  proportion  of  hydrogea 
gas,  or  that  it  at  least  has  a  tendency  to  produce  sleep. 

6.  That  there  is  reason  to  presume  an  animal  evokes  less 
carbonic  acid  gas  during  its  sleeping,  than  in  its  waking 
hours. 

7.  That  the  lungs  of  a  middle-sized  man  contain  mor« 
than  100  cubic  inches  of  air  after  death. 

These  experin)ents  have  been  conducted  without  refe- 
rence to  anv  particular  theory,  and  indeed  some  of  the  re* 
suits  were  so  contrary  to  our  preconceived  opinions,  that 
we  have  been  indiiced  to  bestow  more  tha/»  ordinary  atten* 
tion  on  the  subject.  Conlident,  however,  that  all  those 
uho  repeat  the  experiments  with  the  sanie  care  will  arrive 
at  the  game  results,  we  shall  rest  satisfied  with  stating  the 
facts,  not  u'ilhoLU  a  hope  that  those  brilliant  discoveries  of 
Professor  Davy,  which  have  already  given  us  new  views  of 
the  operations  of  nature,  will  in  their  progress  furnish  us 
with  that  explanation  which  it  is  in  vain  to  expect  at  pre- 
sent. 

Azote  or  nitrogen,  for  instance,  has  been  considered  as  a 
simple  or  elementary  substance  ;  it  is  recognised,  however, 
principally  by  negative  properties.  A  very  gaseous  fluid 
which  will  not  supjrort  life  or  combustion,  uhich  is  not 
absorbed  by  water,  nor  acted  upon  by  the  tests  lor  oxvgen, 
nor  capable  of  being  detonated  with  oxygen  gas,  is  geaefaliy 
pronounced  to  be  azote  :  it  is  the  constaut  residuum  in 
almost  all  our  experiments  upon  gases,  but  who  shall  say 
whether  this  residuum  is  a  simple  substance  or  a  com- 
poimd  ? 

The  experiment  of  Professor  Berzelius  leads  lis  lo  sus- 
pect it  of  metallic  pro[ierlies  ;  and  those  of  Davy  nvike  it 
probable  that  it  is  an  oxidated  body  j  the  subject  is  stiil  un- 
der discussion.  But  we  may  fairly  indulge  more  thaii  a 
hope  that  the  ardent  zeal  and  well-directed  labours  of  itie 
philosopher.^  ju«t  mentioned  will  throw  a  new  and  impor- 
tant lighi  upon  this  obscure  and  difficult  subject. 


LXIII.  Dff. 
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LXIII.  Description  of  certain  InveJitiovs  for  the  Improve- 
ment of'  Naval  Art-liitecture.  for  increasing  the  Cmnforts 
of  Mariiiers^  and  for  fadlilaiivg  Naval  EiUerprises,  By 
Messrs.  R.  Tkkvithick  and  K.  Dickinson. 

[Continued  from  p.  391.] 

Xn  our  b,5t  Number  we  gave  the  advantaojes  proposed  to  be 
CiCiived  from  Messrs.  Trevi(h,ick"and  Ojckinson's  improved 
system  of  to^-ing  ship*,  8cc.,  hy  erripioying  lor  this  pur- 
pose the  power  of  a  steam  cjigine,  but  wiihout  attempting 
to  specify  h'jw  l hey  propose  to  apply  this  power.  They  men- 
tion t^\o  n)ethod^^,  both  of  ther:)  ingenious. — ^^Oae  of  them 
is  by  employing  a  revolving  wheel  furnished  with  leaves 
to  lay  hold  of  the  water,  and  worked  by, the  steam  engine. 
At  first  sight  there  appears  no  novelty  in  this  idea,  but  the 
wav  in  which  they  dispose  of  their  wheel -is  perfectly  difFe- 
re»u  from  any  thing  ,\vc  have  hitherto  met  uuh^^Il  is  placed 
ia  ail  air-^tiglit  rceeptacle  open  only  at  the  bottom,  m  which 
the  height  that  the  w^ter  is  permitled  to  rise  (or,  in  other 
words,  the  depth  t)f  the.  dip  of  the  wheel)  is  txri"ect]y  under 
the  command  uf.an  air  pump  worked  by  the  engine.  Their 
second  method,  and  which  we  would  pref^'r,  "is  as  follows  : 
A  wdieel,  or  a  sufticient  portion  of  a  wheel,  to  which  an 
arm  of  considerable  length  is  attached,  receives  an  alter- 
nating n»oiion.by  being  worked  into  by  a  rack  on  the  pis- 
Ion  rod  of  the  engine.  The  arm  just  mentioned  is  em- 
ployed to  give  njotion  to  a  valve  or  valves  included  in  a 
hollow  trunk  or  prism  attached  to,  or  actually  contained 
in,  the  vessel,  placed  longitudinally,  and  made  of  a  size 
suited  to  the  eft'ect  that  is  desired.  The  power  of  this  ap- 
_plication  will  be  easily  conceived  from  the-  following  con- 
siderations : — When  the  stroke  of  ^n  o&r,  or  any  similar 
implement,  is  made  against  water  for  the  purpose  of  ob- 
taining a  reaction  as  nearly  as  may  be  similar  to  that  of  the 
resistance  of  an  immoveable  body,  part  of  the  force  is  lost 
in  producing  a  lateral  motion  in  the  water,  which  escapes 
gideways,  and  the  blade  of  the  oar  is  far  from  being  sta- 
tionary. If  the  oar  were  to  pass  in  a  channel  or  groove  to 
which  it  fitted,  and  Qf  such  a  length  as  to  present  a  long 
prism  of  uater  before  the  oar  which  could  no  otherwise 
move  than  by  pase^ing  out  of  tlie  channel,,  it  is  demonstra- 
ble that  the  mass  of  the  said  prism  of  water  may  be  assumed 
of  such  a  magnitude  as  to  render  the  actual  motion  of  the 
oar  by  a  given  force,  and  during  a  given  time,  less  than 
any  assignable  quantity.  Now  this  is  precisely  the  princi- 
ple 
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pleofwhich  Messrs.  Trevitbick  and  Dickinson  have  availed 
theiTiselves.  Ineir  valve  or  valves  are  attached  lo  a  rod  in 
the  hollow  trunk,  which  rod  being  connected  with  the  arm 
of  the  steam  engine  receives  a  reciprocatiiig  motion  like  a 
piston,  and  lhu»  opens  and  shuts  the  valves  akernateiy.  If 
the  hollow  trunk  be  of  sufficient  dimensions,  it  is  evident 
that  its  conten'?  vvill  have  so  much  inertia  or  resistance  as 
to  leceive  but  litiie  velocity  from  the  piston,  and  that  the 
surplus  po'Aer  must  carry  the  vessel  forward  in  an  opposite 
direciion. 

If  the  hollow  trunk  be  made  moveable  and  attached  to 
the  rowing  arm,  and  there  be  a  stop  within,  of  the  nature 
of  a  valve,  to  shut  against  the  stroke  and  open  with  the 
return,  the  effect  will  be  the  same  as  with  the  former  ar- 
rangement, but  the  machinery  would  probably  be  more 
cumbrous  and  apt  to  get  out  of  repair. 

IIT.  Sliding  hi()ular  Masts,    made  of  Iron,  and  so  con- 
structed that  the  upper  ones  slide  into  the  lower ^  in  a 
Manner  somewhat  like  a  Pocket  Telescope. 
''  A  hollow  iron  mast  of  the  thickness  of  half  an  inch, 
and  of  the  same  height  and  diameter  as  a  wooden  mast, 
will   be  much   lighter,  considerably  stronger,  much  more 
durable,  less  liable  to  be  injured  by  shot,  and  can  be  easily 
repaired,  even  at  sea.     It  will  weigh  only  19  tons,  and  at 
45/.    per  ton  will    not  cost   more   than    540/.,    while   its 
strength  wilt  be  nearly  fifty  per  cent,  over  that  of  a  woodea 
mast  that  weighs  23  tons,  and  costs  nearly  J, 200/. 

*'  This  ma'^t  is  made  to  strike  nearly  as  low  as  the  deck, 
to  ease  the  ship  in  a  heavy  sea — Wooden  masts  are.  in 
such  circumstances,  obliged  to  be  cut  away.  Ships  fur- 
nished with  these  masts  will  not,  like  others,  be  exposed 
to  the  risk  of  receiving  damage  from  lightninsr.  The  iron 
mast  being  itself  an  excellent  conductor,  bv  usinjr  an  iron 
bolt  from  the  boUom  of  the  mast,  through  the  kelson  and 
the  keel,  the  electric  matter  will  be  conducted  through  the 
bottom  of  the  ship  into  the  Vv-ater,  without  injury  to  the 
ship.  ■" 

"  Yards  and  bowsprits  may  also  be  m.ade  of  wrouo-ht 
iron,  at  the  same  proportion  of  strength  and  expense  as 
the  mast.     Chain  shrouds  and   stays  made  of  iron  *  may 

*  Since.this  prospectus  v/as  first  circulated  (Feb.  "10,  1809.)  we  have 
learnt  that  the  icl«a  of  eniployiag  iron  rijfi>;ing  has  actually  been  carried  into 
e^Teet  by  a  Lie>Jt".  Brown  ;  and  a  vessel  rig-s);ed  in  this  manner,  but  with  woodea 
masts,  is  v.ow  to  be  seen  in  tli?  West  India  Dock.  The  firs-  proposal,  how- 
ever, that  we  have  beard  of  for  usiiio;  metal  in  ri^'giag  was  from  Mr.  TiUoch, 
in  the  year  1801.     Phil.  Mag.  vol.  xxi.  p.  108. 

alio 
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also  be  used  with  those  masts,  and  will  not  cost  half  the  ex- 
pense of  rope,  while  they  will  also  prove  ten  times  more  du- 
rable. For  many  other  purposes  in  shippinof,  wrought  iron, 
employed  as  a  substitute  for  the  materials  now  in  use,  would 
have  as  great  advantages  as  in  the  articles  above  meutioned. 
Even  the  whole  hull  may  be  made  of  wrought  iron. 

IV.  Preparation  of  Ship   Tinilers,  and  improved  System 
of  Building. 

*'  For  a  long  period  the  only  means  employed  to  efiect 
the  bending  of  ships'  planks  was  by  exposing  them  to  the 
heat  of  open  fires,  and  in  n)ost  parts  of  Europe  this  is  still 
the  practice.  As  hitherto  conducted,  it  has  been  found  to 
be  a  tedious  slovenly  process,  attended  v/ith  a  great  expense 
of  fuel,  and  unequal  in  its  effects,  some  parts  being  only 
partially  heated,  while  others  are  burnt. 

"  Another  system  was  therefore  resorted  to,  that  of  em- 
ploying steam  ;  and  it  must  be  allowed  that  this  mode  of 
bending  has  been  found  to  answer  so  far  as  the  interest  of 
the  ship-builder  is  concerned ;  but  the  ship-owners  have 
suflered  from  its  effects.  It  is  possible  by  means  of  steam 
togive  tlie  required  degree  of  flexibility  lo  planks;  but  steam 
of  a  degree  of  temperature  high  enough  lo  destroy  the  ve- 
getable sap  cannot  be  confined  in  vessels  of  any  reasonable 
strength.  Wood  so  treated  has  been  found  liable  to  sudden 
decay:  nor  is  this,  which  is  an  important  objection,  the 
only  one  to  which  steaming  is  liable.  When  planks  be- 
yond a  certain  thickness  are  bent  in  this  way,  they  are 
found  to  be  injured  from  the  temperature  being  too  low  to 
give  the  required  flexibility;  and,  ov.'ing  to  the  want  of  a 
better  method,  the  curving  of  strong  tiu^bers  has  hitherto 
been  impracticable. 

"  It  is  well  known  that  the  decay  of  a  ship  originates 
and  takes  place  in  the  timbers  and  inside  the  planks,  by 
their  being  precluded  from  a  free  circulation  of  air  to  eva- 
porate the  natural  vegetable  sap  of  the  wood. 

"  The  process  now  recommended  is  for  heating  both 
planks  and  timbers,  without  steam,  and  in  such  a  manner 
tbat  they  may  be  enveloped  and  equallv  surrounded  on  all 
sides  with  hot  air  and  smoke;  the  coal  tar  contained  in  the 
latter  entering  at  the  same  time  the  pores  of  the  wood,  and 
acting  as  a  feeder.  This  process  is  so  conducted  as  to  pre- 
vent the  wood  from  being  burnt  by  it :  all  the  air  that 
reaches  the  timbers,  while  under  process,  being  previously 
obliged  to  pass  through  the  fire^  and  being,  by  thai  means, 

deprived 
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deprived  of  its  oxygen,  or  that  principle  which  maintflius 
combustion,  no  burning  can  take  place. 

"  The  means  employed  tn  etfect  this  are  horizontal  cur- 
vilinear flues,  made  of  cast  iron,  adapted  to  the  forms  in- 
tended to  be  given  to  the  wood,  and  furnished  with  a 
powerful,  but  simple,  apparatus  for  applying  the  force  re- 
quisite to  bend  ihe  timbers  into  the  required  form. 

"  By  this  process  even  timbers  of  large  dimensions  can 
be  bent  to  almost  any  shape.  They  are  heated  throughout 
their  whole  length  and  substance,  without  alternations  of 
temperature  in  the  different  parts,  as  when  exposed  to  open, 
fires. 

"By  this  process  the  necessity  of  procuring  bent  timbers 
is  dont'  away  ;  while,  at  the  same  time,  ihat  loss  which  is 
incurred  by  cutjinor  straight  or  ill-shaped  timbers  into  pro- 
per forms,  is  avoided,  and  that  weakness  which  results 
from  cutting  cross  the  grain  and  from  scarfing  is  obviated. 

*'  By  this  process  also  there  will  be  a  saving  of  that  waste 
of  time  which  is  necessary,  in  the  ordinary  process  of  ship- 
building, iov  seasoning,  as  it  is  called;  and,  which  is  of 
gr€at  importance,  much  of  the  labour  now  bestowed  on 
trimming  and  chipping,  to  give  form  both  to  straight  and 
crooked  limbers,  will  he  avoided,  wlnle  the  natural  strcngtlr 
of  the  pieces  will  be  left  uniaipaired. 

"'  The  preparation  of  ship  timbers,  33  above  described, 
applies  to  the  sy&tem  now  in  use,  in  which  the  framing 
consists  of  pieces  of  wood,  bent  by  nature,  and  brought 
into  form  by  sawing  and  chippmg.  The  pieces  to  which 
we  allude  are  known  by  the  name  of  ribs,  and  much  of  the 
strength  of  the  present  structure  of  ships  is  attributed  to 
them. 

^'  But  strange  as  it  must  appear  to  tiiose  who  have  never 
once  started  a  question  on  the  subject,  the  ribs  give  but 
little  strength,  comparatively,  and  we  propose  to  discard, 
almost  cntnely,  from  ship-buildiijig  those  pieces  called  ribs, 
and  to  present  to  our  country  a  system  infinitely  preferable 
in  point  of  strength,  cheapness  of  construction,  durability, 
and  the  facility  with  v.hich  tlie  requisite  materials  may  be 
obtained. 

"  We  beg  to  premise,  that  the  principal  defect  of  the 
present  method  lies  in  this: — ^The  ribs  owe  what  stability 
ihey  possess  in  the  structure  entirely  to  the  connexion  they 
have  with  the  beams,  planks,  and  lining,  having  but  little 
of  their  own.  Their  stability  depends  on  the  structure  of  the 
planks  with  which  they  are  covered,  and  which  are  attached 
10  them  within  and  without.  Tivey  afford  little  or  no  direct 

support 
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support  to  each  other;  and  hence  the  Facility  with  whicli 
the  ship  breaks  in  two,  when  by  any  accident  the  middle  is 
grounded,  while  the  stem  and  stern  are  in  deepwaier.  The 
reason  is  obvious  :  in  such  a  case  there  is  nothing  to  bear 
the  strain  but  the  keel,  the  planks,  and  lining.  In  fact,  the 
ship  receives  a  disposition  to  break  from  the  n)onjent  she  is 
launched;  for  the  middle  of  the  ship  displaces  a  greater 
quantity  of  waier,  foot  tor  foot  of  the  keel,  than  either  of 
the  ends,  and,  of  course,  performs  the  office  of  a  floating 
fulcrum,  acted  upon  by  the  graviiy  of  the  ends.  This  evil 
cannot  be  removed  while  the  present  form  is  retained  ;  but 
the  ship  may  be  strengthened  in  her  struciuix,  to  enable 
her  the  better  to  resist  that  t.:nuency. 

'^  A  ship,  as  at  present  constructed,  consists  of  the  ribs, 
and  of  the  inside  and  outside  planks,  the  planks  crossiiig 
the  ribs  nearly  at  right  angles.  It  is  a  threefold  structure, 
in  which,  using  round  nur^ibers,  the  outside  planks  occupy 
ith,  the  ribs  \,  and  the  inside  planks  ^ihof  the  thickness. 

*'  Now  it  might  be  den-onstrated,  ^vere  that  necessary, 
that  if  the  space  now  occupied  by  the  nbs  was  supplied  by 
a  double  row  of  planks,  bent  into  the  required,  curves, 
placed  in  the  same  order  as  the  ribs,  and  so  disposed  that 
the  joinings  of  each  row  rcspjctively  should  be  covt-iedby 
the  scjlid  par's  of  the  other,  ih:\t  then  a  stronger  structure 
would  be  obtained  than  results  from  the  preseiit  method  of 
a  single  row  of  ribs.  In  adopting  the  method  just  Rien- 
tioned,  straight-grained  planks  of  the  greatest  lengths  might 
be  used,  and  consequently  the  liumerous  =''i>-ings  and 
joinings  of  the  present  system  be  almost  eniireiv  doneawav. 
The  advantages  to  be  hence  derived,  in  poini  of  strength., 
and  facility  of  obtaining  proper  materials,  are  obvious.    '"     ' 

"  But  though  the  above  woul:i  be  a  great  itnf.aovemeht, 
it  falls  infinitely  short  of  the  perfection- to  be  obtained  by 
employing  the  verv  same  materials  in  a  still  more  scienliiic 
manner. 

"  We  have  already  proposed  to  substitute  two  rows  of 
bent  planks  for  the  present  ribs ;  but  there  is  no  necessity 
that  these  should,  as  in  the  present  system,  be  at  right 
auiiles  to  the  outside  planks  and  the  lining.  To  obtain  the 
greatest  possible  degree  of  strength  *Vom  the  same  quantity 
of  materials,  tb,e  bent  planks,  eiuployed  as  substitutes  for 
libs,  should  cross  each  other  at  the  keel,  and  consequently 
up  the  sides  of  the  ship,  at  such  an  "angle  as  to  form  with 
each  other,  at  the  points  of  inLcrsection,  a  kind  of  lo- 
zenge. Bv  such  air  arrangement,  each  row  crossing  the 
other  at  an  angle — the  one  as  it  risci  from  the   keel   taking 
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an  angle  forward,  (say  of  50°  or  55°)  and  the  other  a  like 
angle  aft,  they  exert  iheir  strength  in  different  direction!;, 
dnd  the  whole  are  made  to  act  as  a  combination  of  so  nicny 
diagonal  spurs  giving  strength  and  solidity  to  the  structure. 

"  A  slight  examination  will  be  sufficient  to  convince 
any  person,  habituated  in  investigaiing  questions  con- 
nected with  the  strength  and  ccconomy  of  materials  in  sci- 
entific mechanism,  that  a  ship  so  constructed  must  he, 
at  least,  twice  as  strong  as  one  built  according  to  the  plan 
ill  common  use.  Nor  is  this  all  I  When  a  ship  of  the  com- 
mon construction  starts  a  plank,  by  labouring  in  a  heavy 
cea,  nine  times  out  of  ten  she  founders ;  bufone  built  on 
this  plan,  in  such  an  event  would  still  be  a  safe  bottom  ; 
the  crossing  of  the  rib-planks  preventing  the  admission  of 
water  in  such  quantity  as  to  be  beyond  the  power  of  mode- 
rate pumping  to  keep  under. 

**  To  insist  on  the  advantages  in  point  of  ceccnomy,  and 
the  diminished  number  of  joinings,  from  being  enabled  to 
employ  straight-grained  planks,  at  all  times  to  be  obtained 
with  comparative  ease,  and  of  consideraUfe  lengths,  would 
be  to  insult  those  to  whose  consideration  our  Systejn  of  im- 
proved Ship-l'uilding  IS  submitted.  Were  this  adopted,  there 
would  be  no  need  to  send  persons  abroad  to  buy  timber ; 
our  own  forests  are  sufficient  to  supply  us  with  the  straight 
timbers  for  100  years  to  come,  and  at  half  of  the  expense, 
during  which  time  more  would  be  growing. 

[To  be  continued.] 


LXIV.  Of  the  Action  of  Vegetable  Acids  on  Alcohol,  loth 
ivith  and  without  the  Intermedium  of  the  Mineral  Acids. 
By  M.  Thenard.  R^^ad  at  the  Institute  on  the  23d  of' 
November  1807^. 

OcHEELE  is  the  only  chemist  who  has  hitherto  employed 
himself  on  the  question  which  is  the  subject  of  this  paper. 
At  first  he  was  convinced  that  neither  the  acetic;  benzoic, 
tartaric,  citric,  nor  succinic  acid  fornjed  ether  with  pure 
alcohol :  ai'terwards,  wishing  to  ascertain  if  those  acids 
v/ere  susceptible  of  producing  it,  with  alcohol  and  the  mi- 
neral acids  sulphuric,  nitric,  and  nmriatic,  he  made  for 
this  purpose  various  experiments,  from  which  he  has  con-» 
eluded  t, 

1st.  That  the  acetic  acid  and  alcohol  form,  with  one  of 

•  From  Mt'moires  d'Arcudl,  tonae  li.         f  Vide  les  Memoires  de  Scheele. 

the 
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the  three  preceding  mineral  acids,  an  ether  which  is  easiljr 
decomposed  by  potash,  and  which  contains  acetic  acid. 

2d.  That  the  benzoic  acid  and  alcohol  produce  with  the 
muriatic  acid  a  kind  of  oil  heavier  ihan  water,  which  i"nay, 
like  the  acetic  ether,  be  decomposed  by  potash,  and  whi^h 
has  the  benzoic  acid  for  one  of  its  principal  ingredients. 

3d.  Lastly,  that  he  obtained  no  p.irticular  product  by 
tccatins;  the  taiiaiic,  citric,  or  succinic  acid,  dissolved  in 
alcohol,  with  either  the  sulphuric,  nitric,  or  muriatic  acid. 

Thus  it  was  known  to  Scheele  that  the  acetic  ether  con- 
tains acciic  apid,  and  that  the  oil  of  benzoin  contains  ben* 
zoic  acid  ;  but  he  was  not  acquainted  with  the  other  prin- 
ciples of  which  ihey  are  co!n^?o?ed,  nor  did  he  understand 
the  action  of  alcohol  and  the  mineral  acids  in  the  for^ 
mation  of  these  compound  species.  From  that  alone  we 
may  conceive  that,  had  he  drawn  some  conclusions  from 
his  experiments  relative  to  the  formation  of  these  com- 
pounds, he  would  have  admitted  in  the  acetic  ether  and  oil 
of  benzoin,  a  vegetable  acid,  as  well  as  the  mineral  acid 
and  alcohol  em}>loytd,  or  have  considered  them  only  as 
new  bodies  derived  from  the  alcohol  decomposed  by  the 
mineral  acid  ;  or  as  new  bodies  and  the  mineral  acid  itself. 

Tiiis  triple  hypothesis  is  sufficient  proof  that  the  experi- 
ments which-  gave  birth  to  it  are  inconiplete  j  it  was  ne* 
cessary  therefore  to  repeat  them,  which  1  have  done  with 
so  much  the  less  trouble,  as  they  are  imniediately  connected 
with  those  experiments  I  have  been  engaged  in  upon  ethers, 
which  vol  only  presented  me  with  very  singular  results, 
but  also  promise  to  be  of  great  importance. 

It)  the  divi-^ion  of  my  researches  I  have  followed  the  ex- 
ample of  Scheele,  examining  in  succession  the  action  of 
the  pare  vegetable  acids  on  good  rectified  alcohol,  and  of 
the  same  acids  mixed  with  the  mineral  ones. 

Almost  all  the  vegetable  acids  <lissolve  in  alcohol,  and 
separate  again  from  it  by  distillation,  without  affording  any 
particular  re.'^ults,  however  often  the  same  portion  of  al- 
cohol h  distilled  from  the  same  portion  of  acid  :  this  I 
know  to  be  the  case  with  the  tartaric,  citric,  ir»alic,  ben- 
zoic* oxalic,  and  gallic  acids  ;  ancl  I  have  not  the  least 
dquht,  although  I  have  not  made  the  experitnents,  but  that 
the  tuberic,  succinic,  niucic,  pvro-tartaric,  moric,  and 
honigslic  acid,  are  in  this  respect  similar-  Eut  it  is  very 
different  with  the  acetic  acid.  Its  action  upon  alcohol  is 
sjiich,  t^at  by  means  of  many  distillations  both  bodies  dis- 
appear and  form  a  true  ether  :  hence  T conclude,  that  this 
probably  is  the  only  one^  of  all  the  vegetable  acids  hitherto 

known. 
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known,  which  can  present  us  this  or  any  analogous  phce- 
nomenon. 

But  when,  instead  of  placing  the  vegetable  acids  in  con- 
tact with  the  alcohol,  they  are  put  at  the  same  tin>e  in  con- 
tact with  this  liquid  and  one  of  the  mineral  acids,  strong 
and  concentrated  new  combinations  of  very  remarkable  na- 
tures may  be  ibrmed  with  all  of  them,  as  the  following 
experiments  are  intended  to  show. 

Experiment  I. — I  took  30  grammes  of  benzoic  acid  di:>- 
solved  in  Oo  grammes  of  alcohol,  I  introduced  the  solution 
into  a  tubulated  retort,  and  added  15  grammes  of  concen- 
trated muriatic  acid;,  then  having  adapted  a  tubulated  bal- 
loon to  the  neck  of  the  retort,  and  a  bent  tube  to  the  tu- 
bulure  of  the  baUoon,  I  commenced  the  distillation,  and 
stopped  it  when  nearlv  two-ihird»  over. 

During  the  whole  experiment  no  gas,  but  common  air 
and  sliiihl  traces  of  muriaiic  acid  were  disengaged.  The 
first  portions  of  the  pri^duct  distilled  consisted  solely  of  al- 
cohol ;  but  the  last  contained  a  peculiar  kind  of  n)atter  ^re- 
parable from  the  alcohol  bv  water :  there  was  much  of- it 
in  the  bottom  of  the  retort,  where  it  had  been  condensed 
by  the  cold  ;  and  as  it  was.  covered  by  a  mixture  of  alcohol, 
water,  muriatic  and  benzoic  acids,  I  purified  it  by  tle- 
cantation,  and  bv  washin-j  it  with  warm  water,  in  which 
it  was  very  sliehtiv  soluble.  Thus  purified,  it  was  of  a 
Vellawish  colour,  rather  heavier  than  water,  pungent,  fu- 
sible from  the  temjTerature  of  55  to  30,  volatile  nearly  at 
80,  acid,  oilv,  aiuK)St  insoluble  in  cold  water,  less  in  boil- 
ing water,  from  which  it  precipitated  itself  on  cooling, 
and  very  soluble  in  alcohol,  from  which  wat(ir  separated  it.- 
It  evidently  contained  the  benzoic  acid,  for  to  this  acid  it 
owed  it«  property  of  reddening  tincture  of  turnsole.  Neu- 
tralizcd-by  an  alkaline  solution  it  was  white,  and  always 
siiarp  and  odorous';  it  ctjnstantly  showed  most  of  the  pre- 
ceding properties,  and  was  generally  perfectly  liquid  at  the 
ordinary  teniperature  :  lastly,  when  long  agitated  in  a  so- 
lution of  vaustic  potash,  it  disappeared  without  emitting  any 
gas  :  a!id  the  soKition  examined,  presented  no  traces  of 
muriatic  acid,  T.idnoihiny  absolutely  but  bepzoic  acid  anci 
alcohol  criuki  be  recovered. 

Thi'  matter  then  which  presents  itself  to  ns  in  an  oily 
state,  in  which  ajTparenrlv  there  is  no  acid,  is  formed  by 
a  peculiar  conibin.'iion  of  alcohx)!  and  benzoic  acid  ;  yet  it- 
con  be  oi)taiiK'd  neither  by  repeatedly  distilling  together 
benz<KC  acid  and  alcohol,  nttther  Iry  precipitating  by  water 
the  benzoic  acid    tVom   ii.s    solution  in  alcohol,   nor  by 
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strongly  concentrating  this  solution  and  allowing  it  to  pur- 
sue its  natural  course.  Thus,  though  muriatic  acid  is  not 
one  of  the  constituents  of  this  singular  body,  and  although 
the  two  bodies  which  form  it  are  in  each  other's  presence, 
yet  it  cannot  be  produced  without  the  assistance  of  the 
acid  J  which  result,  extraordinary  as  it  may  appear,  is 
nevertheless  of  the  greatest  authenticity,  as  we  shall  pre- 
^sently  endeavour  to  show  :  but  firsi  let  us  be  satisfied 
whether  the  other  vegetable  acids  arc  similar  to  the. benzoic 
in  their  action  on  alcohol. 

Experiment  II. — Having  made  a  solution  of  30grammcs 
'of  oxalic  acid   in   36  grains    of  alcohol,    and    added    lO 
grammes  of  concentrated  sulphuric  acid,  the  mixture  wa'S 
distilled  until  sulphuric  ether  began  to  be  formed;  it  passed 
into  the  receiver  like  alcohol  slightly  etherized,  and  it   left 
in  the  retort  a  brownish  liquor  of  great  acidity,  which,  on 
cooling,  subsided  like  crystals  of  oxalic   acid  ;  but  when 
prater  was  difi\i?cd  over   this   liquid,  a  substance  separated 
similar  to  that  given  by  the  benzoic  acid,  slightly  soluble^ 
in  vi'ater,  produced  in  a  pretty  large  quantity,  and  capable 
of  being  purih'ed  by  washing  with  cold  water,  and  by  abs- 
tracting, by  means  of  a  lilt;le  alka}i,  the  excess  of  acid  re- 
tained.    Treating  in  the  same  manner  the  citric  and  malic 
acids,  results   precisely   similar  were  obtained.     The  three 
snbstances.procurtd  from  these  three  acids  resemble  each 
other  in   sonre  of  their  properties :  all  are  of  a  yeHowisK 
hue,  rather  heavier  than  water,  destitute  of  smell,  percep- 
tiblv  soluble  in  water,  and  very  soluble  in  alcohol,  frorn 
which  water  precipitates  them.  In  taste   they  differ  :    that 
procured  from  the  oxalic   acid  is  slightly  astringent,  that 
from  the  citric  very   biiter,  but  what  taste  the  other  has 
I  do  not   know.     The   lirst  is  volatile;  it  is   rather  more 
so  than  water ;  by  this  means  it  is  easily  made  white.     It 
was  particularly  interesting  to  acquire  an  intimate  know- 
ledge of  the  nature  of  all  three.  I  was  inclined  to  believe  that 
their  decomposition   might  be  effected  by  distillation  in  a 
solution  of  caustic  potash,  and  that  the  first  would  afford 
me  oxalic  acid,  the  second  citric,  and  the  third  malic  ;  that 
all   would  give,  me  alcohol,    and  be    free  from  sulphuric 
acid  :  the   facts  were  according  to  my  expectations.     Here 
then  we  possess  new  combinations  of  the  vegetable  acids, 
and  alcohol,   in  the  formation  of  which  the  sulphuric  acid 
has  performed  the  same  part  as  the  muriatic  did  in  the  pre- 
ceding experiments. 

After  this,  it  became  very  probable  that  the  other  vege- 
table acids  acted  towards  alcohol  in  the  same  manner  as 

the 
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the  preceding  ;  yet  to  be  quite  certain  I  resolved  to  submit 
some  of  theuj  to  a  rigorous  trial,  and  for  the  purpose  I 
niade  choice  of  the  gallic,  tartaric,  and  acetic  acids,  the  other 
acids  bcino-  either  ditl^.cuit  to  procure  or  insoluble  in  alcohol. 

The  expcrinicni  with  the  gAllic  acid  had  not  thai  success 
I  desired,  because  I  operated  on  no  more  than  10  grammes 
of  acid:  the  combinaiion  was  aUvays  produced;  for,  after 
having;  distilled  these  10  grammes  of  gallic  acid  with  12  of 
a;cohol  and  4  of  sulphuric  acid  until  half  the  original  quan- 
tity of  the  mixture  remained,  I  found  in  the  retort  a  liquor, 
which,  when  covered  wiih  water  and  saturated  with  potash, 
gave  me,  bv  a  fresh  distillation,  all  the  free  alcohol  it  con- 
tained, and  which,  when  mixed  with  potash  in  excess, 
afforded  me  another  portion  :  this  last  could  alone  be  that 
which  was  combined  with  the  gallic  acid. 

On  the  contrary,  with  the  tartaric  acid  the  experiment 
completely  succeeded,  and  furnished  some  curious  results. 
Here,  I  en)ployed  as  before  with  the  oxalic  acid  30  grammes 
of  the  vegetable  acid,  35  of  pure  alcohol,  and  10  of  con- 
centrated sulphuric  acid.  The  distillation  was  carried  on 
till  a  little  ether  began  to  be  formed  •  at  this  period  the  lire 
was  lowered  in  the  furnace,  and  the  retort  allowed  gradually 
to  cool.  'I'he  liquor,  whilst  cooling,  assumed  the  consist- 
ence of  a  thick  syrup.  I  poured  water  on  it,  but  in  vain, 
with  tlie  hope  of  separating,  as  in  the  preceding  experiments^ 
the  peculiar  combinaiion  of  acid  ^nd  alc(;ho!  :  then,  having 
successively  added  to  this  liquor  diflerent  quantities  of  pot- 
ash, a  large  precipitate  was  formed  of  the  aci'dulous  tar- 
trate of  potash  ■;  and  having  saturated  it  without  passing  the 
neutral  point,  having  evaporated  it,  and  subjected  it  \\heu 
cold  to  stronijiv  concentrated  alcohol,  I  obtamed,  by  eva- 
porating; the  alcoholic  solution,  a  substance  which,  when 
cool,  became  of  the  consistence  of  thick  jelly,  and  even 
with  greater  ease  than  before;  it  was  treated  with  poia*h 
and  alcohol. 

This  substance  is  of  a  brovvnish  colour,  and  is  slightly 
bitter,  nau>eous,  inodorous,  free  from  aciditv,  and  very 
Soluble  in  water  and  alcohol  ;  it  does  not  precipitate  nmriata 
of  lime,  but  ai)un(lnntly  the  muriate  of  barytes  :  during  cal- 
cination it  emits  den«!e  hiV.^^i,  possessing  a  strong  smell  of 
garlic  ;  at  tl>e  same  ti-me  it  leaves  no  alkaline  but  a  car- 
lionaceous  residue,  which  contains  a  considerable  quantity 
of  sulphafe  of  potash  :  in  a  word,  when  it  is  distilled  with 
}-!otash,  plenty  of  alcohol  and  a  large  quantity  of  tartrate 
«rf'-i)otash  are  ©JciFacted   from   it.     Henc<e  it  n  evident  that 
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this  substance  is  nnotlicr  coni'biiiation  analogous  (o  the  pre* 
ceding  ;  but  it  is  niost^remarkable  for  its  .syrupy  consist- 
ence, and  tliL'  iMOperty  which  it  has  of  rendering  soki- 
l)lc  in  the  most  concentrated  alcohol,  sulphate  of  potash, 
which  alone  is  insoU;ble  in  weak  alcohol.  PcrViaps  it  was 
the  peculiarity  which  it  has  of  not  ap]Karing  oily,  as  the 
other  combinations  of  lliis  kind  do,  to  the  sulphate  of 
pota-^b. 

Having  conckidcd  the  experiments  on  the  benzoic,  oxa- 
lip,  malic,  citric,  ipallic,  and  tartaric  acids,  those  only  on 
the  acetic  remain  to  be  made.  I  adhered  to  these  experi- 
ments so  much  the  more,,  as  I  coiuluded  that,  by  varying 
them,  lii-^ht  w  (Hild  be  thrown  on  the  true  maniier  of  the 
action  of  the  mineral  acids  in  producing  the  new  combina- 
tions we  are  considering.  In  all  these  experiments  I  have 
\ised  alcohol  of  the  specidc  4>;ravitv  of  800  (temperature  10 
degrees  of  the  centigrade  thernjometer)  and  the  acetic  acid 
capable  of  crystallization  at  O, 

Experiment  I. — I  subjected  a  mixture  of  30  grammes  of 
alcohol  and  20  of  acetic  acid  to  one  distillation  only:  a 
prettv  intense  heat  was  necessary  to  boil  the  liquor,  and 
some  iirammes  of  acetic  ether  were  with  difficulty  formed. 

Expcr'jwciiL  II. — I  repeated  the  preceding  experiment, 
but  v^ith  the  addition  of  5  grammes  of  sulphuric  acid  to  the 
mixture  of  i^lcoho!  ar.d  acetic  acid;  19  grammes  of  acetic 
acid  di>a]-)pearcd,  ether  was  formed  with  ■singular  faciiuy, 
and  almost  without  any  heat,  I  obtained  40  grammes.  It 
follows  then  that  the  preceding  process  is  an  excellent  one 
for  the  manufacture  of  acCtic  ether,  and  far  superior  to  that 
in  present  use,  both  because  a  grvater  quantity  of  ether  i* 
produced,  and  because  many  distillations  arc  not  requisite 
to  procure  it.  The  rectilication  of  it  is  always  easy,  nothing 
more  beinii;  necessary  than  to  add  a  little  jiotash  and  to  de- 
cant, for  the  acetate  of  potash  formed  is  collected  at  the 
Taottom  of  the  vessel. 

Besides,  an  excellent  either  may  be  oeconomically  made, 
bv  addin-:;  to  ihree  parts  tif  acetate  of  potash  and  two  of 
strongly  concentrated  alcohol,  two  parts  of  the  most  highlv 
concentrated  S'.ilpliuric  acid  ;  the  mixture  is  to  be  introduced 
into  a  tubulated  retort,  and  to  be  distilled  to  perfect  dryness  ; 
then  the  product  is  to  be  mixed  with  one-fifth  of  its  weight 
of  ihe  stroncest  sulphuric  acidj  and  by  a  skiliul  distillation 
as  much  ether  may  be  procured  as  there  was  alcohol  em- 
pluved.  Any  other  acetate,  and  particularly  that  of  lead,  may 
be  substituted  for  the  acetate  of  potash:  but  then  it  is  ne- 
cessary 
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cc^sary  to  employ  other  proportions  of  alcohol   and   sul- 
phuric acid,  which  will  be  presently  pointed  out. 

ExperimeiH  III. — When  less  than  5  grammes  of  con- 
centrated sulphuric  acid  is  used  to  convert  ^20  of  acetic  acid 
into  ether,  the  experiment  does  nut  peittctly  su'^cced — 
and  only  partially  when  sulphuric  acid  not  concentrated 
is  employed  ;  but  it  fails  entirely  when  the  acid  is  nuich 
diluted  with  water. 

Experiment  fV. — When  either  tlic  concciitrnted  nitric 
or  muriatic  acid  is  employed  to  convert  acetic  acid  into  ace- 
tic ether,  more  of  either  must  be  used  than  of  the  sulphu- 
ric, and  their  quantity  iTuist  be  increased  according  lo  the 
water  contained. 

Experiment  V. — Th^  phosphorous  acid  reduced  to  a  sy- 
rupy consistence  readily  facilitates  the  j'orniatiou  of  acetic 
ether;  but  it  is  necessary  that  the  quantiiy  i)f  this  acid 
should  be  at  least  equal  to  two-ihinls  of  the  acetic  acid, 
tiiat  the  whole  of  the  latter  njay  dis?.j)pear  at  the  first  di- 
stillation. 

Experiment  VI. — Both  the  ar-enic  and  oxalic  acid  con- 
tribute but  in  a  slight  degree  to  the  formation  of  the  acetic 
ether. 

Experiment  VII. — The  tartaric  acid  is  of  no  use  what- 
ever in  this  process. 

Experiment  VIII. — The  sulphurous  acid  gas  does  not 
favour  the  formation,  though  it  is  very  soluble  in  alcohol, 
and  produces  much  heat  during  its  solution. 
^  Experiment  IX. — Lastly,  the  same  takes  place  with  the 
phosphoric  acid;  but  it  is  because  tl'.is  acid  is  insoluble  or 
only  slightly  soluble  in  alcohol. 

It  is  evident,  when  we  examine  the  result  of  ihcsc  cxpcri- 
incnts,  that  all  the  acids  which  coiicenirate  alcohol  favour 
the  formation  of  acetic  ether,  and  they  contril)ule  to  it  pro- 
])ortionably  to  the  power  each  has  of  concentrating  alcohol. 
On  this  account,  the  sulphuric  acid  has  the  greatest  intlu- 
cnce,  and  the  Lartaric  scarcely  any;  but  when  the  sulj)huric 
acid  is  much  diluted  with  water,  it  Iv.'.s  the  same  effect  as 
the  tartaric.  It  is  necessary  therefore  to  suppose  that, 
wbcn  the  alcohol  is  thus  condensed  by  an  acid,  the  acetic 
acid  seizes  on  it,  and  by  a  peculiar  combiiiation  forms  ace- 
tic ether.  Now  one  cannot  refuse  to  admit  an  analogous 
action  on  the  part  of  ihe  strong  and  concentrated  aeids, 
either  to  generate  the  acetic  ether,  or  to  unite  the  odier  ve- 
^'^^ 'ivetahle  acids  with  alcohol:  consequentlv,  in  the  v.hrle 
series  of  combinations  w'c  have  obicrvcil,  vvtiich  could  not 
have  taken  place  without  the  intericrenco  of  :;  strong  mine- 
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ral  acid,  this  mineral  acid  act.^  no  other  part  than  that  of 
condensing  llie  alcohol,  and  oF  bringing  itinto  a  state  oa- 
pable  of  uniting  with  the  vegetable  acid.  The  tbllovving 
principle  may  then  be  established,  to  express  in  a  general 
manner  the  tacts  I  have  presented  iji  detail  in  this  memoir. 
When  the  vegetable  acids  are  pure,  there  are  none  ot" 
them,  excepting  the  acetic,  which  can  in  any  way  unite  to 
alcohol  and  lo?e  their  acid  properties  :  bufon  the  contrary," 
when  mixed  with  one  of  the  mineral  acids  capable  of 
strongly  condensing  alcohol,  all  these  acids  form  with  al- 
cohol combinations  destitute  of  acid  properties,  and  free 
from  the  mineral  acid.  This  principle  being  granted,  there 
is  no  reason  fur  its  not  includino;  the  animal  acids.  Pro- 
bably it  will  lead  us  to  a  knowledge  of  the  secret  nature  of 
the  mineral  acids,  and  v^-e  shall  therebv  discover  the  means 
of  easily  combining  them  with  alcohol  ;  and  it  will  even 
perhaps  enable  us  to  combine  all  vegetable  and  animal  sub" 
stances,  if  not  with  all  the  acids,  at  least  with  the  strongest 
and  most  concentrated.  This  is  certain,  that  it  is  fruitful 
in  results,  since  it  increases  our  means  of  giving  new  com- 
binations to  matter. 

Be  this  as  it  may,  searching  in  every  direction  to  verify 
these  ideas,  I  occupied  myself  on  difiercnt  objects,  which 
1  have  passed  unnoticed  in  this  memoir.  I  endeavoured  to 
ascertain  whether  the  sweet  oil  of  wine  u'as  not  convposed 
of  alcohol  and  sulphurous  acid,  and  whether  that  kind  of 
oil  procured  by  passing  oxy- muriatic  acid  gas  through 
alcohol,  is  not  a  compound  of  alcohol  or  anculicr  body,  and 
muriatic  acid.  I  examined  the  properties  of  different  com- 
binations, of  which  I  shall  presently  give  an  account.  I 
endeavoured  to  decompose  them  by  difierent  salts,  and  thus 
to  combine,  by  means  of  double  decompositions,  alcohol 
with  all  the  mineral  acids.  I  attempted  also  to  discover 
whether  a  perfect  identity  exists  between  those  kinds  of 
combinations,  the  formaticni  of  which  is  indirect,  and  the 
nitric  and  muriatic  ethers,  the  formation  of  which  is  direct. 
Lastly,  1  endeavoured  to  determine  if  really,  independent 
of  the  condensation,  the  mode  of  combination  is  the  same, 
when  the  vegetable  acid  dissolves  in  alcnhol  retaining  its 
acid  properties,  and  when,  on  the  contrary,  it  intimately 
combines  with  that  body,  with  the  loss  of  its  properties. 
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LXV.    On  the  Comlination  of  Acids  with  Animal  and 
Vegetable  Subsicmces.     By  M.  Thena^p. 

IVly  researches  upon  the  nitric,  muriatic,  and  acetic  ethers, 
and  upon  those  obtained  by  treating  aJcob.ol  with  muriate 
of  tin  and  oxy-muriatic  acid*,  have  naturally  led  me  to 
examine  if  it  was  possible  to  form  them  with  the  other 
acids,  I  have  tried  the  action  of  these  acids  upon  alcohol  j 
and  it  was  in  making  and  varviug  th.esc  experiments  I  ar- 
rived at  the  singular  result  which  J  have  had  the  honour  to 
communicate  to  the  Institute f;  a  discovery,  that  when 
the  vegetable  acids  are  pure,  none  of  them,  excepting  the 
acetic,  combine  with  alcohol  with  the  loss  of  their  acid 
properties:  but  on  the  contrary,  when  mixed  with  a  mi- 
neral acid  capable  of  condensing  alcohol  strongly,  ihey  all 
form  jWiti)  that  body  a  combination  in  which  their  acid 
properties  disappear,  without  the  mineral  acid  taking  any 
part  in  this  combination. 

It  is  evident  then,  that  whatever  may  be  the  mode  of  the 
combination  of  alcohol  with  a  vegetable  or  mineral  acid, 
the  alcohol  produces  in  these  compounds  the  effect  of  a  true 
saline  base,  ...  ,  , 

Now  the  question  is,  whether  the  properly  of  carabining 
with  acids,  and  also  of  neutralizing  them,  does  not  belong 
to  all  animal  and  vegetable  substances.  It  is  very  possible 
that  this  is  the  case ;  for,  since  alcohol  possesses  this  pro- 
perty, all  these  substances  may  also  possess  it.  It  was 
with  a  view  to  solve  this  question  that  the  following  experi- 
ments were  made. 

I  passed  over  300  grammes  of  alcohol,  oxy-muriatic  acid 
gas  made  from  a  mixture  of  1750  grammes  of  muriate  of 
soda,  of  450  grammes  of  black  oxido  of  manganese,  of  800 
of  concentrated  sulphuric  acid,  and  of  800  grammes  pf 
water. 

Almost  all  the  acid  and  the  principal  part  of  the  alcohol 
V/'pre  mutually  decomposed,  and  either  generated  or  libe- 
rated a  large  quantity  of  water,  of  matter  having  an  oily 
appearance,  of  muriatic  acid,  and  a  small  quantity  of  car- 
bonic acid,  and  a  substance  abounding  in  carbon  ;  a  result 
that  agrees  with  what  has  already  been  published  either  by 
M.  Bcrthollet  in  the  Memoirs  of  the  Academy,  or  by  my- 
self in  the  first  volume  of  the  Memoirea  d'Arcueil.  All 
ihese  products  have  been   separated  with   care^  as  I  have 

*  Vol.  i.  des  Mcmuires  d^Arcxtiil. 
•[■  See  the  preceding  Memoir. 
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noticed  in  those  Memoirs;  one  onlv  has  been  subjected  to 
a  new  examination,  and  that  is  the  oily  matter. 

When  carefully  purih'cfl  by  water  and  potash,  it  has  the 
following  properties,  some  of  which  have  been  already  ob- 
served in  the  memoirs  I  sliall  quote.  It  docs  not  redden 
turnsole  paper ;  it  is  white;  it  has  a  cool  taste  similar  to 
that  of  niint,  and  a  particular  Init  not  ethercaled  smell ;  it 
is  heavier,  ytt  less  volatile,  than  water  ;  it  is  very  soluble  in 
alcohol,  but  very  slightly  in  water.  Jt  is  volatilized  by 
distillation  with  nitric  acid,  and  partly  decomposed  ;  butthe 
'products  of  this  decomposition  vary  according  to  the 
strensth  of  the  acid  used.  If  the  nitric  acid  be  weak,  much 
muriatic  acid  is  produced,  and  liiile  oxv-niuriatic  :  if,  on 
the  contrary,  the  acid  be  concentrated,  little  muriatic  acid 
is  procured,  but  much  oxy-muriatic  acid  :  of  course  this 
substance  contains  a  very  considerable  quantity  of  muriatic 
acid.  In  the  same  manner,  when  it  is  passed  through  a 
red-hot  iron  tube  a  large  quantity  of  acid  is  disengaged. 
Yet  it  is  decomposed  but  very  slowly  bv  the  strongest  al- 
kalis, even  when  dissolved  with  them  in  alcohol  :  hence 
the  conclusion  must  be  drawn,  that  the  muriatic  acid  it 
contains  is  intimately  combined  with  another  suhstaucc.  I 
liave  not  vet  succeeded  in  discovering  what  this  substance 
is,  because  I  have  not  been  able  to  separate  it  from  every 
thing  else.  Whatever  that  may  be,  it  ig  certain  that  it  is 
capable  like  the  alkalis  of  neutralizing  acids;  and  it  niiy 
be  presumed  that  it  contains  a  large  quantity  of  carbon, 
since  in  the  decomposition  of  alcohol  and  oxv-miuiatic 
acid,  iriuch  water  and  very  liltie  caibonic  acid  are  pro- 
duced. 

But  of  all  the  vegetable  substances,  I  am  acquainted  with 
tione  that  possess  the  properly  of  uniting  themselves  to 
acids,  in  a  more  eminent  degree  than  som.e  of  the  essential 
oils;  perhaps  even  all  of  them  enjoy  this  property.  That 
of  turpetuine  absorbs  nearly  one-third  its  weight  of  muri- 
aiic  ac.d  gas,  and  becoines  converted,  with  theemis>ion  of 
much  heat,  into  an  almost  entire  crystalline  substance. 
Kind  some  years  since  discovered  itr  its  nature  was  after- 
wards studied  bv  Trom^dorft'  and  some  French  philoso- 
phers, and  last  of  all  by  Gehlen.  All  these  chemists  ex- 
cept Gehien  have  considered  it  as  an  artificial  camphor, 
because  it-had  the'smell,  volatility,  lustre,  whiteness,  and 
many  other  propcrtiC'*  of  natural  camphor;  and  comparing 
ihe  action  of  muriatic  acid  on  oil  of  turpentine,  with  that 
of  sulphuric  acid  on  vegetable  substances,  they  have  con- 
peived  that  the  transformation  of  this  oil  into  camphor  is 

solely 
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solely  to  be  attributed  to  the  loss  of  oxygen,  and  hydrogen 
being  ai)sti acted  in  sufficient  quantity  by  the  muriatic  acid 
ti)  form  water,  and  to  a  slight  separation  of  carbon  at  ihe 
same  time:  in  fac,  that  the  artiiicial  cnniphior  with  a  liiile 
more  carbon,  and  a  certain  qunntiiy  of  oxygen  and  hvc^.ro- 
gen  in  the  proportions  to  consiituie  water,  would  return  to 
an  essential  oil. 

Gehlen  rejected  this  theorv  for  good  reasons*.  Having 
observed  that  in  pa-sing  muriatic  acid  through  the  esscn^iHi 
oil  of  turpentine,  no  aas  was  disentiaged;  tlun  on'v  a  x:er- 
,iain  pf)rt;(m  of  the  oil  was  converted  into  while  crys!.ds 
liaving  the  appearance  of  can-.phor,  a:id  that  the  remainder 
appeared  as  a  brownish-black  liquid  of  orcat  aciditv  ;  that 
the  crystals  too  as  well  as  the  liquid  contained  muriatic  acid 
in  intimate  combination,  &c.  he  has  concluded,  that  in 
•this  operation  the  essential  oil  of  turpentine  is  decomposed, 
that  the  greatest  part  of  its  hydrogen  combines  with  a  small 
quaiilitv  of  its  carbon,  and  with  a  certain  jiorticn  of  nm- 
riatic  ?.cid,  lo  form  concrete  camphor,  \\hiist  thu  other  prin- 
ciples of  the  oil  co:nbine  uith  ih«  remaining  portion  of 
muriatic  acid  to  form  the  brownish.-black  liquid;  tlierelore 
that  this  liquid  contains  more  carbon  antl  less  hydrogen 
than  the  camphoric  concretion  ;  and  that,  in  tlic  formation 
of  both,  the  muriatic  acid  acts  only  by  the  tendency  it  has 
of  uniting  to  them,  and  not,  as  the  chemists  above  quoted 
sav,  by  forming  a  certain  quantiiv  of  waii.r  at  the  expense 
.of  the  principles  of  the  essential  oil. 

I  repealed  and  varied  wiih  great  care  tlie  cNperiments  on 
the  essence  of  turpentine  and  muriatic  acid,  made  bv  K'nd, 
Trcmjsdorif,  &c.,  and  above  all  bv  Gehlen.  I  obtaineti  the 
iollowing  resulis  :  loO  grammes  of  essence  of  turpentine 
purified  by  distillation,  and  plunged  into  a  freezing  n-ix- 
ture  of  ice  and  salt,  absorbed  30  grammes  of  nuir;  .tic 
acid  gas;  no  gfs  but  muriatic  escapes,  which  perhaps 
v.\ as  not  entirely  absorbed  at  first,  or  j^asscd  throuiih  tr.e 
liquid  when  the  operation  was  nearly  finished.  The  es- 
sential oil  i?  converted  into  a  soft  and  crystaihr.e  mass,  jrom 
whicii,  during  its  desiccation  for  three  d3v~,  may  be  sepa- 
rated 20  grammes  of  a  liquid  that  contains  manv  crystals  and 
nearly  100  grammes  of  a  white  substance,  irranular,  crystal- 
line, volatile,  and  having  a  strong  smell  of  camplior.  This 
fubstance  quickly  loses,  bv  exposure  to  iheair,  the  propcrtv 
which  it  at  first  has  of  reddening  turnsole  paper,  and  atter- 
wards  only  very  minute  quantities  of  acid  can  be  separated 

•  Vide  Journal  it  Gehlen,  tonje  vl.  p.  458. 
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from  it,  eveii  by  warm  alkaline  solutions.  Yet  when  it  is 
sublimed,  the  vessels  in  which  the  operation  is  made  be- 
come strongly  acid  ;  and  when,  instead  of  subliming  it,  it 
is  passed  through  a  red-hot  iron  tube,  a  greater  quantity  of 
acid  is  still  abstracted  from  it.  Lastly,  when  decomposed 
both  by  concentrated  and  weak  nitric  acid,  a  large  quantity 
of  oxy-muriatic  acid  is  produced  in  the  first  instance,  and 
in  the  second  much  muriatic  acid.  Relative  to  that  por- 
tion of  liquid  derived  from  the  crystalline  mass,  the  weight 
of  which  was  20  grammes,  it  was  white,  and  diffused  acid 
vapours,  but  ceased  after  an  exposure  of  some  days  to  the 
atmosphere,  and  was  no  longer  acid  ;  it  crystallized  in  mass 
some  degrees  below  zero,  and  preserved  an  intimate  union 
with  much  muriatic  acid. 

Tiius  all  my  observations,  except  one  onlv,  agree  with 
those  of  Gehien.  That  in  which  we  do  not  coincide  is  re- 
lative to  the  liquid  product  of  the  operation.  Gehien  ob- 
tained it  of  a  brownish-black-,  and  T  always  obtained  it 
white.  This  difference,  1  think,  depends  on  Gehien  having 
iU«ed  the  essence  known  in  commerce,  which  contains,  un- 
less distilled  with  great  care,  a  resin,  and  has  then  the 
property  of  blackening  and  forming  a  large  uncrystallizable 
residue.  Neither  do  I  draw  from  my  observations  the  same 
theoretical  inferences  as  this  chemist  does  from  his.  I 
think  that  the  essential  oil  of  turpentine  is  not  decomposed 
by  muriatic  acid>  and  consequently  that  these  two  bodies 
combined  together  in  certain  proportions  form  concrete 
camphor;  probably  the  small  portion  of  liquid  product -ob- 
tained by  him  is  of  the  same  formation:  besides,  it  is  not 
improbable  that  the  difference  existing  between  the  cam- 
phoric concretion  and  the  liquid  product,  depends  on  a 
small  quantity  of  an  ethereal  oil  mixed  with  the  essence, 
and  capable  of  foriTiing  with  muriatic  acid  a  liquid  product. 
Lastly,  what  induces  me  to  believe  that  the  niuriatic  acid 
does  not  decompose  the  essence,  but,  on  the  contrary, 
combines  with  it,  is,  that  this  acid  e\Mdently  combines  with 
all  the  principles  of  alcohol  without  affording  many  diffe- 
rent products,  and  that  alcohol  is  a  hydrogenous  body  as 
well  as  the  essential  oil  of  turpentine.  Yet  whatever  it  may 
be,  nothing  is  more  certain  than  that  this  combination  has 
the  greatest  resemblance  to  native  camphor. 

Perhaps  the  camphor  which  is  extracted  from  the  essen- 
tial oils  of  plants,  particularly  from  that  of  lavender,  h  a 
combination  of  essence  and  acid  alone;  perhaps  too  th« 
camphor  of  commerce,  or  the  camphor  of  the  laurel,  which 
Hoes  not  appear  to  contain  any  mineral  ^acid^  (for  none  can 

be 
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be  obtained!  from  it  by  destractiv«  difetUIation,)  is  formed 
of  an  essential  oil  and  vegetable  acid  alooe.  These  views, 
as  they  are  fouuded  on  facts,  at  least  deserve  sonie  atten- 
tion, and,  it' confirmed  by  experience,  may  probably  be  ot 
great  advantage. 

I  have  likewi.-e  formed  the  combinations  of  the  essence 
of -lemon  and  of  lavender  with  ^miriatic  acid.  32  graaimcs 
oi  the  essence  of  lavender  require  22  of  acid  ;  the  r^esnlting 
compound  IS  blackish,  acid  and  lj<|iHd.  £1}  gramn>e3  of  the 
essence  of  lemon  absorb  22  grannnes  of  acid  ;  l}>c  csseace 
is  of  a  brovvnish  line  and  solid.  Neither  of  thtse  essences 
had  been  purified  j  but  both  a\ ere  used  in  the  state  they  are 
generally  found  in  commerce. 

The  essential  are  not  the  only  oils  capable  of  con)bining 
with  acids.  It  has  long  been  remarked  that  the  fat  oils 
form  with  different  acids  peculiar  ku.ds  of  soap.  Thesid- 
phnric  acid  vvhe«  concentrated  has  tliis  effect  upon  all  of 
them;  it  produces  with  the  oil  of  olives  in  particuiarasoapy 
m.atter,  of  a  ihick  and  greenish  appearance,  which  gradu- 
ally acquires  consistence:  when  washed  with  water  il  be- 
comes white  ;  it  is  acid,  but  lc?3  so  than  if  the  acid  was 
uncombined,  and  it  may  be  brought  into  the  neutral  state 
by  a  proper  quiuitity  of  potash. 

Tannin  besides,  which  is  a  vegetable  matter,  contracts, 
as  is  v.ell  known,  a  strong  union  with  acids;  for  the  con- 
centrated sulphuric  acid  suddenly  precipitates  it  from  its 
solution  in  water,  and  I  am  convinced  that,  however  often 
the  precipitate  may  be  washed,  it  is  ar.viiys  acid.  Nature 
itself  has  offered  us  a  compound  of  this  species.  In  tact,  I 
have  treated  10  grammes  of  gallnuls  w  ifh  2  litres  oi'  boil- 
ing water,  and  although  therc-idue  had  been  washerl  with 
two  litres  mtire  of  very  warm  water,  it  still  stronirh'  reddened 
tincture  of  lurnsolie  :  in  the  gallnuts  llierefore  ihegaiiic  acid 
is  retained  bv  a  true  affinity.  But  as  the  quantity  of  <ra!lic 
acid  abstracted  by  a  spontai\eous  decomposition  far  ex- 
ceeds the  quantity  of  free  acid  existing  in  its  natural  state, 
we  must  conclude  (hat  the  greatest  part  of  the  acid  is  cer- 
tainly neutralized  by  the  tannin,  it  is  observed  too,  that 
if  a  decoction  of  gallnuts  be  allowed  to  follow  its  own 
co-uTse,  as  the  tannin  is  destroyed,  the  liquor  becomes  more 
and  more  acid.  One  may,  indeed,  attribute  this  phano- 
luenon  to  the  translormation  of  the  tannin  itself  into  callic 
jLcid  ;  bjut  numberless  observations  authorize  us  to  believe 
that  this  is  not  the  case. 

1.  That  vegetable  substances  during  their  decompositien 
^orm  no  ythcr  acid  but  the  acetic. 

2.  That 
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2.  That  galliuUs  evidently  contain  abundance  of  gallic 
acid,  and  that,  this  acid  having  a  strong  affinity  for  tannin, 
the  two  bo(,Ues  should  necesariiy  neutralize  each  other  in 
part. 

3.  Because  there  are  many  remarkable  instances  of  the 
power  of  some  vegetable  substances  to  neutralize  acids. 

4.  Lastly,  that  tannin  precipitated  from  a  decoction  of 
gallnuts  bv  an  alkali  or  carbonate  of  ammonia,  contains, 
accordina;  to  my  experiments,  a  good  deal  of  gallic  acid  as 
well  as  a  small  portion  of  saline  base.  The  proof  I  have  ot 
this  is,  that  it  produces  with  almost  all  the  metallic  solu- 
tions the  same  effects  as  gallic  acid,  or  gallate  of  potash. 
Thus  it  gives  red  precipitates  with  solutions  of  the  per- 
oxides of  mercury,  blackish  gray  with  solutions  of  per- 
oxides of  iron,  a  blue  one  to  those  less  oxidized,  the  colour 
of  uine  lees  {He  de  vin)  to  those  least  oxidized.  It  follows 
then  that  we  arc  not  yet  acquainted  with  the  pure  tannin  of 
gallnuts,  and  of  most  other  substances,  and  consequently 
that  we  know  not  how  to  act  with  them  on  metallic  sohi- 
tions,  &c.  Inquu'ies  which  have  this  object  in  view  can- 
not but  be  interesting;;  and  I  propose  to  pursue  them^  in 
as  much  as  they  will  on  some  future  day  allow  me  to  brittg 
forward  the  question  [  am  now  treating  of. 

If,  after  having  examined  the  vetielable  substances  which 
readily  combine  with  acids,  a  search  is  made  among  ani- 
mal substances  endowijd  with  the  same  properties,  five  will 
evidently  occur:  curdv  matter,  albumen,  pkromei,  gelatin, 
and  urea.  This  property  is  generally  found  in  the  curdy 
matter,  as  it  is  known  that  acids  coagulate  milk,  that  the 
coaguluiTi  contains  an  acid,  and  that  this  acid  is  even  sen- 
sible to  turnsole  paper.  Of  course  the  affinity  between 
those  two  bodies  is  well  marked  ;  yet  if  is  not  sulTiciently 
strong  to  destroy  all  doubts  to  the  contrary;  for  J  am  sa- 
tisfied ihat  the  excess,  and  perhaps  also  the  whole,  of  the 
acid  may  be  abstracted  by  means  of  a  large  quantity  of 
water. 

If  water  alone  be  sufficient  to  take  the  acid  from  the 
curdy  matter,  it  fads  to  produce  the  $ame  effect  when  the 
acid  is  united  to  albumen;  for  the  washings  mav  be  con- 
tinued to  an  unlimited  extent,  and  there  will  be  always 
found  acid   undissolved. 

We  must  conclude  therefore,  that  this  animal  substance 
.exerts  on  acids  a  more  powerful  attraction  than  the  curdy 
matter;  but  this  action  varies  in  itself  accord  in  2;  to  the 
concentrated  state  of  the  acid.  As  the  acid  is  saturated 
with  water,  the  results  are  combinations  more  or  less  in- 
soluble. 
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soluble,  and  which  again  dissolve,  ihe  acid  being  saturated 
with  anmiouia,  or  wnh  either  oF  the  other  alkahs,  and  in 
which  albumen  is  nowise  altered.  If  on  the  contrary  the 
acid  is  very  strong  and  concentrated,  the  precipitates  formed 
will  always  be  acid,  hot  will  contain  albumen  in  the  state 
in  which  it  exists  when  concreted  by  fire  :  this  has  appeared 
ia  treating  the  precipitates  with  a  weak  solution  of  am- 
monia. In  the  first  instance,  the  solution  will  be  gradu- 
ally formed  and  complete ;  in  the  second,  the  acid  alone 
will  be  taken  up,  and  the  albumen  will  remain  undissolved 
in  the  form  of  a  thick  magma. 

The  combination  of  picromel  u  iih  the  acids  took  place 
with  the  same  facility  as  with  the  preceding.  Almost  as 
*oon  as  these  substances  come  in  contact,  an  acid  precipi- 
tate is  formed,  which  redissolves  when  neutralized.  It  is 
principally  with  the  ^tdphuric,  nitric,  and  muriatic  acids 
that  picromel  forms  slightly  soluble  compounds. 

The  concentrated  nitric  acid  is  the  only  one,  according  to 
Messrs.  Fcurcroy  and  and  Vauquelin,  that  precipitates  urea 
from  its  .solution  in  water;  yet  it  is  probable  that  the  other 
acids  are  capable  of  ci)mbining  with  it;  and  if  they  do  not 
precipitate  it,  it  is  because  the  compounds  are  soluble  iii 
water.  I  have  observed  that  these  combinations  never  form 
when  the  temperature  is  below  40  or  50,  particularly  with 
the  sulphuric  and  muriatic  acids  ;  and  that  otherwise  there 
is  a  disengiiiement  of  carbonic  acid,  and  a  production  of 
A  large  quantity  of  ammonia. 

Lastly,  gelatin  itself  may  unite  with  some  acids,  and 
principally  with  the  o.xy-muriatic  acid.  To  effect  t!ii» 
combination  it  is  necessary  to  pass  the  gaseous  acid  througU 
a  solution  of  gelatin.  In  this  operation  the  solution  graciu- 
aliv  becomes  turbid  and  precipitates  flakes,  which  unite  to- 
gether in  the  form  of  pearly  Hiaments  vcrv  elastic  and  flex- 
ible. These  flakes  have  been  considered  by  M.  BouiUoti- 
Lagrange,  in  a  memoir  upon  the  gizzards  of  birds,  as  the 
oxygenated  gelatin  *  :  but  it  is  a  mistake  ;  thev  are  really 
formed,of  gelatin  slightly  alterird,  and  of  the  muriatic  and 
oxy- muriatic  acids.  Their  striking  characteristics  are,  that 
thev  are  iubipid,  insoluble  both  in  water  and  alcvihoj,  not 
liable  to  putrefy,  slightly  acid  ;  though  a  sufficiently  large  por- 
tion of  acid  eniers  their  composition  to  em.it  spontaneously 
lor  several  days  the  oxy-munatic  acid  gas,  much  more  may 
be  disengaged  by  means'  of   heal :  laitiv,  ihey  coniani  so 

-^  .'      -.  .       '-■  .  -'•-   ton-ic  Ivi.  p.  24. 
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ftuich  acid  as  to  be  scluble  in   alkalis,  and  to   form  with 
then!  muriates. 

Thus  we  have  exaiTiincd  five  vegetable  matters,  and  six 
animal  matters,  capable  of  an  intimate  union  with  acids. 
Three  oi  the  former,  viz.  alcohol,  ei-sential  oil  of  turpen- 
tine, and  a  substance  abounding  in  carbon,  and  produced 
from  ak'ohoi  decomposed  by  oxv-ir.uriai.ic  acid,  neutralize 
acids  equally  as  well  as  the  Strongest  alkalis.  The  last  seven 
form  with  these  acids  consbinations,  which  are  themselves^ 
acid,  like  the  metallic  and  most  of  the  earthy  salts. 

Withunt  doubt  we  shall  in  time  he  able  to  convbine  all 
other  vtgetable  and  animal  substances  v^'ith  acids,  and  the 
experiments  related  allow  even  at  present  the  inference  to- 
be  drawn :  for,  if  the  coiTibination  cannot  be  made  directly, 
no  proof  appears  in  this  a<_rainst-*vhat  T  advance.  Does  iM)t 
alcohol,  which  in  its  ordinary  state  h^s  not  the  property  of 
neutralizing  the  vegetable  acids,  acquire  it  by  the  pre- 
sence of  a  mineral  kcid  ?  When  these  substances  are  placed 
in  different  circumstances,  probably,  the  one  best  adapted 
to  unite  them  with  the  acids  will  be  found.  These  re- 
searches are  laborious  indeed  ;  but  they  are  useful  and  im- 
portant, as  tending  to  introduce  us  to  the  knowledge  of  a 
long  compound  scries  of  a  particular  order;  a  knowledge 
which  in  itself  must  throw  great  light  upon  the  analysis  oi' 
vegetable  and  animal  substances.  In  fa-ct,  is  it  not  possible 
that  we  may  find  in  organic  bodies  compounds  of  thisr 
kind?  Are  not  gallnuts  an  example?  Is  it  not  possible  that 
acetic  acid,  which  we  procure  by  the  disidlation  of  animal 
and  vegetable  substances,  niay  be  contained  ready  formed 
in  some?  Amber  in  particular,  from  which  we  get  by  distd- 
laiion  succinic  acid,  is  it  formed  of  an  oily  matter  zoni- 
bined  with  succinic  acid  ?  The  fatty  substances  which  af- 
ford us  sebacic  acid,  may  they  not  also  be  in  similar  cir- 
cumstances r  Lastly,  the  bitter  principle  formed  by  treat- 
ing aniujal  substances  with  nitric  acid,  which  acts  as  a  very 
oxygenated  body,  a! though  not  acid  ;  and  the  yellow  acid, 
which,  according  to  MM.  Fourcvoy  and  Vae.qaelin,  i^ 
formed  in  the  same  operation,  may  they  not  be  intimate 
combinations  of  an  acid  and  of  another  matter?  But  it  is 
above  all  things  necessary,  in  the  explanation  of  phoeno- 
»nena  which  pass  before  us,  in  the  decomposition  of  ve- 
getable and  "animal  substances  by  acids,  that  a  strict  ac- 
count should  be  kept  of  their  tendency  to  unite  with  these 
bodies.  ,  , 

Thus  we  perceive  that  this  genera!  priiicipfc  is  susceptible 

of 
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of  a  great  many  applicaiions  :  we  should  endeavour  there- 
lore  more  and  more  to  establish  it,  and  it  is  my  intentioa 
to  attempt  this  in  subsequent  memoirs. 


LXVt.  Experiments  on  Ammonia,  and  an  Account  of  a  neitt. 
Method  of  analysing  it,  hy  Comlusiion  with  Oxygen  and 
other  Gases;  in  a  Letter  to  Humphry  Davy,  Esq., 
Sec.  R.S.  c^c,  from  William  Henry,  JM.D.,  F.R.S. 
V.  P.  of  the  Lit.  and  Phil.  Society,  and  Physician  to 
tlie  Infirmary,  at  Manchester . 

[Concluded  from  p.  375.] 

Hi  Experiments,  in  which  Ammonia  ivas  fired  tvith  a  <?e- 
ficient  Proportjon  of  Oxygen  Gas. 

OiXTY'-THREE  measures  of  ammonia  were  exploded  over 
mercuiT  with  33  of  oxygen  gas  containing  one  of  nitrocren. 
The  total,  g6,  when  fired  by  an  electric  spark,  were  di- 
mmished  to  57  measures,  which  were  not  contracted  any 
further  by  successive  agitation  with  water  and  with  sul- 
phuret  of  lime.  The  whole  of  the  ammonia,  therefore,  was 
decomposed;  and  all  the  oxygen  had  entered  into  combina- 
tion with  the  liydrogen  of  the  aikali.  The  residuary  5  7 
measures  were  mingled  with  JO  mqasures  of  the  same  oxy- 
gen gas,  and  detonated  by  an  electric  spark  ;  after  which 
the  total,  97,  were  reduced  to  60.  The  diminution,  there- 
fore, was  37  measures  ;  and  as  iao- thirds  of  this  numbef 
may  be  ascribed  to  the  condensation  of  hydrotren  gas,  the 
residuary  57  must  have  been  composed  of  24-fii5  hydrogen 
and  32-34  nitrogen.  The  oxygen  exj)ended  also  was  32 
in  the  first  combustion,  +  12'33  in  the  second,  =  44*33; 
and  this  number,  being  doubled,  gives  88*66  for  the  whole 
hydrogen  saturated,  supposing  it  to  be  in  the  state  of  hv- 
drogen  gas.  But  from  ti)e  above  quantitv  of  niiroijen 
(32-34  measures)  we  are  to  deduct  one  measure,  witli  v\hich 
the  33  measures  of  oxygen  were  contaminated;  and  th(j 
remainder  31-31  shows  the  number  of  measures  of  nitro- 
gen resulting  from  63  measures  of  ammonia.  Tr.e  total 
amount  of  gases  obtained  is  31-34  4-  SS'65  =  120;  and 
the  proportion  of  the  hyd.'-ogen  by  volume  to  that  of  the 
uitrogen,  as  73-SS  to  26-12. 

To  avoid  the  tediousness  of  similar  details,  I  shal!  state 
irt  the  form  of  a  table,  the  results  of  a  few  experiments  out 
of  a  number  of  others^  all  of  which  had,  as  nearly  ai  could 

be 
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be  expecled,  the  same  tendency.      The  sixth  experiment  iu 
tlie  table  is  the  one  which  has  been  just  described. 


No.ofjwf  Am- 1     of 
£xp.  j  ?;\onia  jOxyg^en 
'Jerom-  jsanii-ft 
I  jwi^eci.  I    ted. 


Measures 
of  yy- 
drotpen 

estiiUciteti 


Meas.  j.  of  Anjnioiiia    i  Pennanent  Gas 
of  Ni-  ', --'■- .'  cont.iins  in  lOO 


1 


72-    47' 5- 


■-3'|    -95  j  04 


-*i6  f'- 03   I  ^4-3  I     ff8-6|    31;3  70*3 


-;Fr(>m  a«  attentive  examination  of  the  foregoing  tJlblc,  it' 
wi41  appear  that  the  results  are  not  perfectly  uniform,  thoug1>^ 
perhap^  as  much  as  can  be  expected  from  fhe  nature  of  ih^ 
e'Kperinients.    Thus.the  proporiihn  of  permanent  gases  to 
the   ammonia  decomposed    (the    nitrogen    beirig   acdially 
nuvasured,  and   th-e    hydrogen   estimated   hv   doublrng  the 
oxygeo  expendcG^  maybe  observed  10  difler  consid..r.ab)y ; 
the  high(;st  pioduct  being  I98;,  and  the  lowest  180-2,  ffoliv 
lot)  of  lUTVmonia.    There  can  scarcely  be  a  doubt, '  hovV^t/tijv, ,' 
that   tiVis  want  of  ccjineidcnce  is  owing  to  t4)e' saiTjc  cfjdse . 
as  that  which.  1  have  ah-culy  assiL>ned'for  the  variable  'pro'- 
portions  of  Dcrmanent  s!:as,  wliich  are  obtained  from  eq'ja.r* 
quantities  of  ammoni.i  by  ek^etrizatlon.   Aw-i,  accordingly, , 
1  have  found  that  the  evolved  gases,' as  ascertained  by  corti-  ' 
bu?tu>n,    bxrar .  the  bmaUest    p'rop<;rtioTt,  to   the,   ammonia 
when  most  paitTS  have-been  taken   t«y  obvVale  the  prt'se'ifpe, ' 
of  nvoistnrc.     The  loivest  numlx^r,  therefore,  is  to  be  as-' 
sumed  as  trtost  correct ;  but  other  eiictunstanccs  being  con'- ' 
sidered,  Tbclieve  the  second  r.\i;eriment  furnishes  the  must 
accurate  data  for  detcrnviifing  rjiccoriinosilion  of  auimoniar 
The  ?an'.(^  explanation  will   appiy  to  the  different   pfopor- 
Uons  of  oxv-gen  gas  required  for  the  saturation  of  100  mea-v. 
siires  oT  anmionia,  the  variation  no  d.ijubt  arising from.the.-,!: 
uncertainly  of  the  qnanlity  of  aikaUnegas  which  is  aetudl^)*"  • 
burned.     Tbe  proportion  of- oxygen  to  a.iiimonia,  vhict)  X, 
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tieUeve  to  be  nearest  the  truth,  and  most  precisely  necessary 
for  mutual  saturation,  is  that  resulting  from  the  second 
experiment,  viz.  67}  measures  of  oxvgen  gas  to  100  of  am- 
monia, or  100  of  the  former  to  148  of  the  latter. 

It  may  be  observed,  also,  bv  comparing  the  nimibers  in 
the  two  last  columns  of  the  table,  that  the  hydrogen  and 
nitrogen  gases  do  not  uniformly  bear  the  same  proportions 
to  each  other.  Notwithstanding  all  the  labour  I  have  be- 
stowed on  the  subject,  I  have  not  been  able  to  obtain  a 
nearer  correspondence,  owing  most  probably  to  the  imper- 
fection of  the  mode  of  analysing  a  mixture  of  hydrogen 
and  nitrogen  gases.  In  the  mixture  of  permanent  gases, 
<i«erniined  in  this  way,  the  hydrogen,  it  may  be  remarked, 
bears  generally  rather  a  less  ratio  than  thai  of  74  to  26.  I 
do  not,  however,  consider  this  fact  as  contradicting  the  ac- 
curacy of  the  proportions  which  you  have  assigned  ;  and  it 
appears  to  me  that  a  sufficient  reason  may  be  given  for  the 
want  of  a  more  perfect  coincidence  between  results  ob- 
tained by  such  different  methods  of  mvestigation.  In  the 
products  of  the  electrization  of  ammonia,  the  hydrogen 
composes  nearly  three-fourths  of  the  mixture  :  and  hence 
its  combustion  by  oxygen  sas  is  likely  to  be  completely 
effected,  and  the  whole  of  the  hydrogen  condensed  into 
water.  But  after  the  partial  combustion  of  ammonia  by 
oxygen  gas,  a  residuum  is  left  of  hydrogen  and  nitrogen 
gases,  of  which  the  hydrogen  usuaHy  composes  less,  and 
sometimes  considerably  less,  than  one-half  the  bulk.  In 
this  case,  it  may  be  suspected  that  a  small  quantity  of  hy- 
drogen occasionally  escapes  being  burned  ;  and  vvhenever 
this  happens,  its  proportion  to  the  nitrogen  will  appear  to 
be  less  than  the  true  one*. 

From  the  inflammabil!r\  of  a  mixture,  of  ammonia  with 
oxygen  gas,  it  was  natural  to  expect  that  this  alkali  would 
prove  susceptible  of  sloiv  combustion.  Bv  means  of  a  pe- 
culiar apparatus  (on  a  plan  v.hich  I  have  described  in  the 
Philosophical  Transactions  for  J  SOS,  Part  II.,  but  on  a 
smaller  scale,  and  with  th.e  substitution  of  mercury  for 
water),  I  ha\^  found  that  ammonia,  expelled  from  th« 
orifice  of  a  small  steel  burner,  mav  be  kindled  by  electricity 
an  a  vessel  of  oxygen  gas;  r.nd  that  it  is  slowly  consumed 

*  This  conf  idcraticn  si^gg-ests  ibe  proprletv  of  using  no  more  orvg^'n  in 
the  first  combustion  of  anirnaDi,i,  than  is  b.  rely  iufficieiu  lo  inflame  it;  or 
if  a  latger  qu.intity  Las  been  used  ih?.n  h  req\:ired  for  this  purpose,  and  a 
rc^idue.ronsequently  obtaii^d,  of  which  the  hvdrojen  fwra*  opJy  a  fmail 
jiroportJoD,  it  i?  "jircper  :o  add  a  further  quantity  of  hydro^.?n^  before  the 
k( rand combiMt Ion.  An  allowance  may  aiitrwarda  b«  mads  fyr  tbi»  zd- 
^iiion- 
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with  a  pale  yellow  flame.  The  combustion,  however,  i* 
Dot  surticieutly  vivid  to  render  the  process  ot  any  use  in  the 
aiiiilysis  of  anin)C)i)ia. 

With  nitrous  oxide  (containing  only  5  per  cent,  impu- 
;rity)  ammonia  forms  a  mixture  which  is  extremely  com- 
ibustible.  lithe  nitrous  oxide  be  in  excess,  the  proportions 
.have  a  conbidcrable  range;  for  any  mixture  may  be  fired  by 
.electricity,  of  which  the  ammonia  is  not  less  than  one-sixth 
,<)f  the  whole.  The  coujbustion  is  followed  by  a  dense 
cloud,  sometimes  of  an  orance-colour.  When  the  nitrous 
;Oxide  greatly  exceeds  the  ammonia,  (as  in  the  proportion, 
for  example,  of  100  to  30)  there  is  little  or  no  diminution 
^after  firing:  and  the  residuum  is  composed  of  a  small  por- 
lion  of  undeconiposed  oxide,  some  oxygen  gas,  and  a  con- 
siderable,quantity  of  nitrogen,  the  last  of  which,  however, 
is  not  in  its  full  proportion.  When  the  nitrous  oxide  ig 
further  increased,  still  more  oxygen  is  found  in  the  resi- 
.duuni. 

.  When,  on  the  contrary,  the  alkaline  gas  is  redundant, 
combustion  doe.s  not  take  place  unless  the  nitrous  oxide 
forn)S  one-third  of  the  mixture.  A  little  diminution  takes 
place  on  firina;,  but  no  cloudiness  is  observed  ;  and  the  re- 
sidue is  composed  of  hydrogen  and  nitrogen  gases,  with 
occasional! V  a  small  portion  of  undecom posed  ammonia. 
As  an  example  of  what  takes  place,  1  select  the  following 
experiment  from  several  others. 

A  mixture  of  41  measures  of  ammonia,  with  40  of  ni- 
tron? oxide  (=  38  pure),  in  all  81  measures,  were  reduced 
bv  combustion  to  75,  which  were  found  to  consist  of  \G 
hydrogen  and  59  nitrogen  gases.  To  explain  this  experi- 
luent,  vvC  may  assume  (as  is  consistent  with  your  own 
analysis-^)  that  100  measures  of  nitrous  oxide  are  equiva- 
lent to  52  measures  of  oxygen  gas  and  103  of  nitrogen. 
I'he  oxygen  in  38  measures  of  nitrous  oxide  will,  therefore, 
be  \Q'T,  to.  which,  when  the  oxygeij  spent  in  burning  the 
yesiduum  (viz.  8  m.)  is  added,  we  obtain  27*7  For  the  total 
oxygen  consumed  ;  an.d  multiplying  by  2,  we  have  5'5'4  for 
the  hydrogen  saturated.  From  the  residuary  nitrogen  (59) 
deduct  39  vneasures  arising  from  the  decomposition  of  the 
nitrous  oxide  +  2  m.,  mingled  with  it  as  an  hnpurity*  =  41, 
and  the  remainder,  1 8  measures,  is  the  nitrogen  resulting  from 
the  volatile  alkali ;  and  as  41  measures  ofannnonia  give  55*4 
-t  1S  =  73'4meas'ures  of  permanent  gas,  100  would  give  179 
measures,  in  which  the  hydrogen  and  nitrogen  would  exist 

*  Researches,  Res.  ii.  Div.  1,  or  Thomson's  System  of  Chemistry,-  3d 
edit.  Ii.  HS. 
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in  tli€  proportion  of  75-4  to  ?l-6.  From  the  same  facts  it 
inav  be  deciiiced,  that  100  measures  of  ammonia  require  for 
saturation  130  of  nitrous  oxide  =  67  r  oxvgen  gas.  The 
coincidence  then,  between  the  results  of  the  combustion  of 
annnonia  with  nitrous  oxide,  and  those  with  oxvo;{in  gas, 
confirms  the  accuracv  of  both  methods  of  analysis. 

Nitrous  gas,  which,  it  appears  from  your  testiraoiiy*, 
does  not  compose  an  inflamniable  mixture  with  hydrogen, 
(nor,  as  I  am  assured  by  Mr.  Dalton,  with  any  of  the  va- 
rieties of  carbureited  hydrogen)  may  be  emploved,  I  tind, 
for  the  comljustion  of  ammonia.  The  jHoportions  rcouired 
for  mutual  saturation  are  about  '20  measures  of  nitrous  gas 
to  100  of  annnonia.  An  excess  of  the  former  sjas  does  not 
give  accurate  results  ;  since  not  only  the  hydrogen  of  the 
ammonia,  but  some  of  its  nitrogen  is  also  condemned  j  and 
the  mixture,  after  being  fired,  exhibits  the  cloudy  ap- 
pearance usual  in  that  case. 

Fortv- eight  measures  of  ammonia,  bein^  fired  vvith  60 
nitrous  gas,  (=  53  pure)  both  gases  were  completely  de- 
composed ;  and  a  residue  left  consisting  of  61  nitrooen  and 
9  hydrogen.  Sixty  measures  of  ammonia  and  41  nitrous 
gas  (=  36-1  pine)  gave,  after  firing,  a  mixture  composed 
of  10  ammonia,  53}  nitrogen,  and  30 j  hydrogen.  But 
taking  for  granted  that  100  measures  of  nitrous  gas,  ac- 
cording to  your  analysis,  hold  in  combination  a  quantity 
of  oxygen  equal  to  571, measures  of  oxygen  sras,  and  of 
nitrogen  equal  to  48 v  measures,  and  assunnns:  the  propor- 
tionsof  the  nitrogen  and  hydrogen  in  annnonia  to  Ije  jiiose 
established  by  your  experiments  and  my  own  ;  it  will  ap- 
pear irom  an  easy  calculation,  iliat  the  proportion  of  ni- 
trogen, in  the  above  residua,'  a  little  exceeds,  and  that  of 
the  hydrogtn  rather  falls  short  of  what  might  have  been 
expected.  1  have  not  yet  been  able  to  reconcile  these  dif- 
ferences, by  the  numerous  trials  required  in  a  process  of  so 
much  delicacy;  and  1  reserve  the  inquiry  for  a  season  of 
more  leisure.  Tha  Coregoing  statement  I  wish  to  be  con- 
sidered as  merely  announcing  the  general  fact  of  the  com- 
bustibilitv  of  a  mi:<ture  of  ammonia  and  nitrous  gas,  apro- 
perty  which  chiefly  derives  importance  from  its  being  ca- 
pable of  application  to  a  nt- w  method  of  analysing  the  latter. 

Before  concluding  this  letter,  I  shall  briefly  state  the  re- 
sults of  some  experiments,  which  1  have  lately  made  in  con- 
junctiou  with  Air.  Dalton,  on  a  subject  that  formerly  oc- 

•  Researches,  p.  136. 
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cupied  much  of  mv  atteiUioa ;  viz.  the  effect  of  electricity 
«i\  the  aeriform  compounds  of  carbon  and  hydrogen.  Sub- 
sequent reflection,  as  well  as  the  candid  and  judicious  cri- 
ticisnis  of  various  writers*,  have  influenced  me  to  doubt 
of  the  accuracy  of  a  few  of  the  conclusions  drawn  from  my 
toraicr  intjuiriesf.  The  knowledge  of  this  class  of  bodies 
has,  aFso,  been  so  materially  advanced  during  the  last 
l^veIve  years,  that  the  examination  of  their  properties  may, 
jiow  be  undertaken  with  much  greater  confidence  and  suc- 
cess than  formerly.  It  is  to  be  lamented,  indeed,  that  ex- 
perimentalists do  not  offener  retrace  their  labout's,  with  the 
combined  advantages  of  acquired  skill,  and  of  a  more  inj- 
pro^ed  stale  of  the  science  which  thev  investigate. 

The  gases,  submitted  by  Mr.  Dalton  aird  myself  to  the 
action  of  long-continued  electrization,  were  carburetled 
hydrogen  from  pit-coal  of  the  specific  gravity  ofabout  650, 
(air  being  1000)  olefiant  gas,  and  carbonic  oxide.  Each 
gas  was'  used  in  as  pure  a  state  as  possible;  muriate  of  lime 
being  first  introduced  into  the  same  tubes  in  which  the 
eases  were  electrified,  and  being  withdrawn  when  it  had 
exerted  its  full  action.  Platina  wires  were  used  tt)  convey 
the  electric  discharges. 

When  the  electrization  of  carburetted  hydrogen  or  ole- 
fiant gases  was  contiimed  sufficiently  long,  thev  were  each 
found  to  expand,  notwithstanding  their  extreme  dryness. 
No  carbonic  acid  could  be  discovered  in  the  electrified  gas 
by  the  nicest  tests.  When  fired  with  oxygen,  it  gave  le»s 
carbonic  acid  than  the  unexpanded  gas,  and  required  less 
oxygen  for  saturation.  Calculating,  from  the  diminished 
product  of  c<irbonic  acid,  how  much  gas  had  been  decom- 
posed bv  electrization,  it  appeared  that  the  decomposed 
part,  in  all  cases,  was  about  doubled.  The  smaller  prodiicl 
of  carbonic  acid  from  the  electrified  gas,  was  sufficiently 
explained  by  a  deposition  of  charcoal  on  the  inner  surface 
of  the  glass  tube,  too  distinct  to  be  at  all  equivocal,  and 
most  abundant  from  the  olefiant  gas.  No  addition  what- 
soever of  nitrogen  was  made  by  the  electrization.  It  ap- 
pears, therefore,  that  thehydro-carburetted  gases,  like  am- 
monia, are  separated  by  electrization   into   their  eleinents, 

*  See  Berdioliet's  Cheinical  Statics,  Enj.  trans,  vol.  ii.  p.  '154;  Murray's 
Elemeutc  cf  Clie:histry,  vol.  ii.  note  Gv  a  letter  from  an  anony.TJOUs. c.-r- 
rcapondeiu  in  NicJiolsou's  Journal,  8vo.  ii.  p.  183;  and  Aikin'sXHctionary 
of  Cheir.istrv,  i.  p.  251. 

■f  "  ETcperiniferits  on  Carbonated  Hydrogen  Gas,  with  .i  View  to  deter- 
mine whether  Carbon  be  a  simple  or  a  compound  Body.  *  PhilosopticaC 
Transactions,  vol.  Ixxvii. 
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the  carbon  being  precipitated,  and  the  hydrogen  evolved  in 
«  <;cparalc  form,  and  acquiring  a  state  of  greater  expansioo. 
This  change,  however,  is  effected  -much  more  slowly  than 
the  disunion  of  the  tknienis  of  ammonia. 

From  a  portion  of  carbonic  acid  gas.  carefully  dried  by 
muriate  of  lime,  and  elcctrlzet!  with  jilatina  conductors,  we 
obtained,  alter  removing  the  undecouiposcd  gas  by  caus-vic 
potash,  a  residuum  equal  to  about  one  liiilf  the  wIkjIc  gas 
which  had  been  employed.  It  was  found-  on  an-slvsis  to 
consist  oi'  oxygen  and  carbonic  oxide  gases,  in  such  pro- 
portions as  t()  inflame  on  passing  an  eh  ciric  spark  thvongh 
it  without  any  addition,  and  to  be  thus  convertible  a^in 
into  carbonic  acid.  In  the  experiments  of  M.  Sanson  re. 
jjni.*,  that  ingenious  philosopher  obtained  only'  car- 
bonic oxide  by  the  same  operation,  CAing  doubtless  to 
the  electricity  having  been  conveyed  by  conductors  of  cop- 
per, which  would  become  oxidized,  and  prevent  theoxy^eii 
i'rom  being  evolved  in  a  sc])ar.^te  form.  '  ■     ' 

Carbonic  oxide,  electrified  with  similar  precaution?,  did 
r.ot  appear  to  undergo  any  change.  Eleven  Imndred  dis- 
cliarges  from  a  Levden  jar  had  no  effect  on  a  quantity  of 
thegas,  equal  to  about  one-tenth  of  a  cubic  inch.  Its 
bulk,  after  this  process,  wa.<;  unaltered  ;  no  carbonic  acid 
could  be  discovered  in  it ;  and  there  was  nt)  decided  trace 
of  oxygen  gas  in  the  rcsidi:um.  The  carbon,  it  appears, 
therefore,  which  exists  in  carbonic  oxide,  must  be  held 
combined  by  an  extremely  strong  aflSniiy, 

With  sincere  esteem  and  respect,  I  am,  dear  sir, 

your  laithiul  and  obliged  friend, 

Wsi.  Henrv. 


I*XVIt.  proposal J'f.r  an  In^tilHtinnfor  oltaining  an  equal 
"■"-'■■^•■-' ■"■  ■■  Temperature  in  ll'nises. 

George  Street,  Itp.nnver  Squgrc, 

Dec  25,  i80y. 

To  Mr.  Tilluh. 

w  •""-'    ,  .      ,. 

»  T  ITH  your  approijalion  and  m  vour  presence  I,  some 
tinje  aoo,  vvroie  hastilv,  atid  without  any  ])ar(icuiar  care  in 
tlie  composition,  anonymously,  an  account  (;f  a  project  of 
ai»  mstitution  which  I  had  long  eniertainetl,  consisting;  of 
an  extensive  batlding,  so  constructed  as  to  afford  in  every 
pijrt  an  .lequal   and  baiiiir.er  temperature  f.     Of  the  great 

*  J^'iirnnl  ile  Physi'r'ei  fCrtiS  tiv.    p.  4oO. 
f  See  Phil.  Alp.g  vol    xxxi.  [>.  wll,"' 
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advantages  to  be~expecled  from  such  an  institution  for  many 
disorder!?,  particularly  for  that -of  puhimuarv  tubercles,  I 
ain  assi^red,  in  consequence  of  the  benefit  ]irocured  by  the 
coniparaUvely  rude  contrivances  I  have  eu)[)!oyed  forwaim- 
ing  the  rooms  of  our  ill-adapted  houses  duiin;:;  the  last  15 
yci'.rs  :  such  as  by  means  of  large  sione  bottles  filled  with 
boiling-hot  water,  properly  disponed,  and  assisted  by  double 
doors,  double  windows,  &c.  This  plan  I  have  not  only 
constantly  recCnim-.-nded  to  many  hundred  pupils,  in  my  . 
Jiectures,  but  comn.i'.nicated  to  a  number  of  pcisons,  with 
the  hope  of  exciting  some  of  them  to  attempt  to  erect  a  fit 
establishment.  No  r>ne  more  feelingly  embraced  the  pro- 
posal than  that  great  enconrager  of  works  of  public  utilityi 
Sir  John  Sinclair.  I  j)ut  mto  his  hands  the  plan  of  a  huildr 
ing  which,  at  his  desire,  had  been  drawn  ai  my  request,  by 
the  late  Mr.  Holland  of  Sloane  Square,  lor  the  purpose 
now  spoken  of.  Sir  John  meniions  this  pro'iect  in  his  first 
tract  On  Health  and  Longevity,  published,  I  think,  in  1801. 
For  a  reason  more  interesting  to  myse.f  than  to  the  public, 
I  beg  leave  to  mention  thai  I  parlicularlv  reconnnended 
warm  air  as  the  most.efilctual  means  known  of  impeding 
the  progress  <^f  pulmonary  consumption,  in  a  little  commu- 
nication to  Dr.  Duncan*.  I  believe,  too,  that  the  practice 
or  warming  rooms  and  rcgulatino:  their  teiTiperature  by  the 
theniomeler  has  been  more  ircquent  in  this  metropolis  du- 
ring the  last  four  or  five  years  than  formerly. 

In  the  proposed  institution,  so  far  from  claiming  any 
discovery  of  a  new  practice,  it  is  not  even  pretended  to  be 
a  revival  :  but  it  is  judged  from  experience,  that  it  has  beeii 
einployed  only  very  Jimiiedly  and  inadequately,  in  place  of 
the  very  extensive  and  much  more  beneficial  mode  now 
intended. 

I  have  much  pleasure  in  acquainting  you  at  this  time,' 
that  a  few  days  ago  an  architect  of  great  celebrity,  and  to 
whom  ihe  British  public  owes  many  of  its  most  usesul 
works,  assured  me  that  he  would  shprtly  produce  a  grand 
plan  for  executing  my  design  for  the  purposes  of  health, 
and  conjoin  a  variety  of  comtorts,  and  even  some  of  the 
luxuries,  of  the  hot  climates. 

I  take  thisoppoitunity  to  offer  mv  tribute  of  that  respect- 
wliich  is  due  to  you  from  every  cultivator  of  science,  for 
the  very  hberal  and  public-spirited  conduct  of  your  excel- 
lent periodical  work,  and  to  assure  you  that  T  am 

your  obliged  friend, 

George  Pkarson. 

f  Sec  the  Edinburgh  Medical  and  Surgical  Journal,  vol.  i.  p.  126,  1805. 
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LXVIII.   On  Crystallography.    By  M.Bavv.  Translated 
from  the  last  Paris  Edition  of  his  Traite  de  Minerafogic 

[Contiuued  from  p.  353.] 
OF  THE  REPRESENTATIVE  SIGNS  OF  CRYSTALS. 

JL  HE  relations  which  ^rve  to  connect  the  diiTerent  ori- 
ginarv  crystals  of  one  and  the  same  jubstancc  wiih  on'e 
common  primitive  form,  are  foundt-d,  as  we  have  seen,  on 
laws  of  structure  whose  effect  is  to  determine  the  number 
and  arrangement  of  the  planes  which  compose  the  surfaoj 
'of  each,  crystal.  By  a  necessary  consequence  the. naturalist, 
who  is  familiar  with  the  progress  of  these  laws,  frequently 
•finds  it  merely  requisite  to  have  before  his  eves  the  primi- 
tive form,  and  the  explanation  of  the  dtcremeiits  whicli  irs 
angles  or  its  ridges  undergo,  in  order  to  represent  the  poly- 
hedron resulting  from  it,  and  to  see  in  u  hat  n>anner,  in 
idea,  we  may  eti'ect  the  metamorphosis  of  the  nucleus  fram 
which  this  polyhedron  is  derived. 

These  considtirations  gave  rise  to  an  idea  of  translating 
into  a  vl^y  concise  language,  similar  to  that  used  inj\lgebr?, 
the  various  laws  which  determine  the  secondary  crystals, 
and  thus  to  compose  species  of  formulce  representaLive  of 
these  same  crystals.  It  is  sufficient,  in  order  to  attain  this, 
to  designate  by  letters  the  angles  and  rid2:e'*  of  the  primitive 
form,  and  to  accompany  these  letters  by  cvphers,  which  in- 
dicate the  laws  of  decrements  undergone  bv  sucii  angles 
■and  such  ridses,  and  the  result  of  which  is  a  certain 
secondary  form.  I  have  endeavoured  to  confine  the  arrange- 
ment of  the  letters  within  a  regular  order,  corresponding 
with  that  of  the  alphabet,  so  that  this  arrangement  naiu- 
rally  presents  itself  to  every  one.  ■      '   • 

By  attention  to  this  point  and  some  others  concerning 
the  manner  of  placing  the  cyphers,  it  requires,  in  my  opi- 
nion, but  a  very  few  seconds  to  acquire  the  key  of  tiie  me- 
thod, and  the  principles  which  ought  to  serve  as  a. rule  for 
applying  them  will  always  remain  impressed  on  the  me- 
mory. 

VVhen  we  have  traced  and  brought  into  a  very  narrow 
compass  the  difil-rent  formulae,  which  will  bc'hke  the  theo- 
retical images  of  the  crystals  relative  to  one  and  the  same 
substance,  it  will  be  equally  easy  to  coinpare  them,  either 
■with  each' other,  or  with  the  primitive  fbrm,  which  wilF 
also  have  its  expression,  to  follow  the  transitions  of -^tbe 
simpler  to  the  more  compound  forms,  to  distinguish  what 
tht-y  possess  in  common,  and  whatever  is  peculiar  to  each  3-^ 
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in  a  worH,  to  se'hze  as  if  at  one  glance  the  diversity  of  the 
details  and  the  uniiy  of  the  whole. 

Let  us  suppose  that  fin-.  48  represents  an  oblique-angled 
parallelopipedon,  the  angles  of  which  have  different  iiiea- 
surenicnts,  and  which  is  the  primitive  form  of  a  particular 
species  of  mineral,  such  as  feldspar*. 

Having  adopted  the  vowels  to  designate  solid  angles  in 
general,  place  the  first  four  A,  E,  I,  O,  to  the  four  angles 
of  the  upper  base,  following  the  order  of  the  alphabet,  and 
at  the  same  time  that  of  common  writing,  which  is  to  be- 
gin at  top  and  go  from  left  to  right.  Vide  fig.  49,  in  which 
the  arrangement  of  the  letters  is  rendered  perceptible  to 
the  eye. 

Having  adopted  the  consonants  to  distinguish  the  ridges 
in  general,  place,  according  to  the  same  rule,  the  first  six 
E,  C,  D,  F,  G,  H,  on  the  middle  of  the  sides  of  the  upper 
base  (fig.  48),  and  on  the  two  longitudinal  ridges  of  the 
lateral  face  which  is  first  prestnled  from  right  to  left. 

Finally,  place  on  the  middle  of  the  superior  base,  and  of 
the  lateral  faces  situated  in  front,  the  three  letters  P,  M,  T, 
which  are  the  initials  of  the  syllables  composing  the  word 
prijnilive. 

Each  of  the  four  solid  angles,  or  of  the  six  edges  de- 
signated by  letters,  is  susceptible  in  the  present  case,  on 
account  of  the  jrrcgular  form  of  the  parallelopipedon,  of  un- 
dergoing particular  laws  of  decrements  :  let  Ap  (fig.  50) 
be  the  same  parallelopipedon.  If  we  compare  ihe  two  solid 
angles  diametrically  opposite  to  O,  r,  it  is  easy  lo  see  that 
there  is  an  equality  betU'een-the  plane  angles  which  com-, 
pose  them,  taken  by  pairs,  viz.:  1st,  between  E  01  and 
s  r  7/ ;  2d,  between  EOp  and7/rA;  3d,  between  I  Op  and 
s  r  A.  It  results,  that  among  the  plane  angles  w'hich  are 
joined  by  threes  round  solid  angles  A,  O,  there  are  only 
two  wliich  are  equal,  viz.  EOI.  I  AE,  as  being  opposite 
on  one  and  the  same  parallelogram  ;  but  the  angle  E  Op  is 
the  supplement  of  the  angle  I  Ar,  and  the  angle  I  Op  is 
that  of  E  A  r.  In  the  same  \yay  the  solid  angles  I,  5  are 
composed  of  equal  plane  angles  two  and  two;  but 
among  the  plane  angles  formed  by  the  solid  angles 
£,  J,  there  are  only  A  10  and  AEO  which  are  equal. 
Hence  it  follows,  that  the  solid  angle  O  being  in  a  situa-  ; 
tion  different  from  that  in  which  the  solid  angle  A  is,  and- 
the  same  difference  taking  place  with  respect  to  the  solid.. 

*  The  parallelopipedon  is  considered  as  being  represented  in  such  a  man- 
ner that  the  angle  B  A  C  which  is  the  furthest  from  the  observer/  is  one  of 
the  obtuse  angles  of  the  upper  base. 
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angles  I,  E,  each  of  these  angles  is,  »elatire  to  crystalliza- 
tion, as  it  were,  independent  ot"  that  which  corresponds 
with  it  diagonall-y.  Finally,  the  ridges  C  and  D,  B  and  F, 
-G  and  H,  (fig.  48)  compared  with  each  other,  are  no 
•longer  in  the  same  situation,  because  the  two  planes  which 
imiti;  upon  one  do  n#t  iorili  between  them  the  sanie  anale 
with  those  which  have  the  other  for  the  line  of  junction. 
It  is  between  these  same  ridges  and  those  which  arediame- 
•tricalfy  opposite  to  them  ;  for  instance,  between  A  I  and  p  y, 
(fig.  50)  between  A  E  and  p  u.  Sec,  that  there  is  a  perfect 
equality. 

By  this  we  see  why  the  four  solid  angles  round  the  upper 
base,  as  well  as  the  four  edges  of  this  base  and  the  two  lon- 
gitudinal edges  which  are  presented  in  front,  are  each  of 
them  marked  with  a  particular  leilcr.  But  as  the  laws  of 
decrement  act  with  the  greatest  possible  symmetry,  at  least 
in  general,  every  thing  which  takes  place  on  one  of  the 
solid  angles  or  of  the  edges  designated,  is  repeated  on  "the 
atigle  or  the  td^t  diametricallv  opposite,  among  those  which 
ha\"e  remained  in  vacuo.  According  to  this,  it  was  only 
necessary  to  designate  the  number  of  solid  angles,  or  of 
ridges  which  undergo  decrements  really  distinct,  ')c-canse 
these  decrements  contain  im[)licitly  those  which  take  place 
on  the  anor'es  or  the  analogous  edges. 

We  arc  nevertheless  sometimes  obliged  to  iiKlicate  also 
these  last  angles  or  these  last  edges.  Then  we  shall  make  use 
of  small  letters  which  bear  the  same  names  with  the  capital 
letters  employed  in  fig.  48:  for  example,  p  ((icr.  5<>)  will  be. 
designated  by  a,  5p"by  c,  py/by  Z',  &c.  But  it  will  be 
rarely  necessary  to  make  these  small  letters  on  the  ileure  ; 
it  will  be  sufficient  to  make  them  enter  into  the  sisfii  of  the 
crystal,  because  in  imagination  we  can  easily  refer  each  to 
its  proper  place. 

To  indicate  the  effects  of  decrements  by  one,  two,  three, 
or  lYiore  ranges,  in  breadth,  we  shall  employ  the  cyphers 
1,  2,  3,  4,.$c.,  in  the  way  to  be  imnjcdiately  explained; 
and  in  order  to  indicate  the  effects  of  dccrenjents  Ijy  twb 
aad  three  ranges   in   height,    we  shall    use  the  fractions 

'  The  three  letteps  P,  M,  T,  will  sers'c  to  desijinate  either 
the  form  of  the  nucleus  without  any  modification,  wheii 
they  will  compose  oJF  thenjselves  the  sign  of  the  crystal,  or 
the  faces  which  would  be  parallel  to  those  of  the  nucleus 
in  the  case  of  the  decrements  not  attaining  tlieir  limits,  and 
'  then   these  iettters   will   be  combined,  in   the  sign  of  tlie 

crystal. 
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crystal,  with  those  \v1>ich  will  have  a  relation  to  the  angles  or 
edges  on  vvliich  the  dt-'creinents  vviH  act. 

Let  us  suppose  in  the  first  place,  for  greater  simplicity, 
that  one  oF  the  solid  angles',  such  as  O,  is  hiierceptcd  by  a 
single  additional  facet.  The  decrement  to  which  we  refer 
the  production  of  ihis  facet  may  take  place  eiiber  on  thb 
base  P,  or  on  the  pane  T  whicli^is  to  the  right  of  the  0I3- 
servcr,  or  upoir  the  pane  M  situated  on  his  left;-'  -:<^  ^rr:  ... 

In  the  ^rst  ca>e,   we  shall  place  the-'indcx   cypher  s^mve 

the  ktte^;  in  the  second  we   shall   ujve   to  the  cvplicrthe 

place  of  a  conmion  exponent  to  the  right   and  towards  the 

top  of  the  letter ;  and  we  shall  indicate   the  third  dase  by 

placing  the  cypher  on  the  left,  and  even  towards  the  top  of 

the  letter. 
2 

Thus  O  will  express  the  effcctof  a  decrement  by  two  ranges 
in  breadth,  parallel  to  the  diagonal  of  thebuse  P,  whicii  passes 
by  the  angle  E ;  Oj  the  eflect  of  a  decrement  by  three  ranges 
in  breadth,  parallel  to  the  diagonal  of  the  face  T,  which 
passes  by  the  angle  I,  and  -^O  the  effect  of  a  decrement  by 
four  ranges,  parallel  to  the  diagonal  of  the  face  M,  which 
passes  by  the  angle  E.  .     '. 

When  the  decrement  has  a  reference  to  any  of  the  three 
solid  angles  1,  A,  E,  the  observer  is  considered  as  turning 
r6i.ind.the  crystal  until  he  finds  himself  placed  opposite  this 
anglej  as  it  was  naturally  opposite  the  angle  O,  in  the  case 
\\;bidi  we  have  described ;  or,  what  comes  to  the  same  thing, 
he  is  considered  as  turning  the  crystal,  until  the  solid  angle 
under  consideration  faces  him,  and  it  is  with  respect  to  this 
position  that  sucii  a  decrement  is  said  to  be  towards  the 
right  or  the  lelt. 

For  example  :  if  the  solid  angle  A  is  in  question,  the 
sign  A'^' will  represent  the  effect  of  a  decrement  by  two 
ranges  on  the  face  A  E  sr  (fig.  50),  or  upon, that  vvhich  is 
opposite  to  T  (fig.  <18),  and  'A  will  represent  the  effect  of 
a  decrement  by  three  ranges  on  the  face  A  1  Uf  (fig.  50), 
or  upon  that  which  is  opposite  to  M  (fig.  4S).  We  shall 
Subsequently  see  tiie  advantage  of  this  manner- of  ^prpoeed- 
in<;,   relative  to  the  uniforn)itv  of  the  method. 

As  to  the  decrements  on  the  ridges,  we  shall  express 
those  which  are  formed  towards  the  contour  B  CFD  of  the 
base,  by  a  number  placed  above  or  below  the  letter,  ac- 
cording a'S  their  effect  shall  take  place  in  ascending  or  de- 
scending, setting  out  from  the  ridge  to  uhicli  they  will  be 
refcncd  ;  and  tlio^e  which  are  relative  to  the  Igngitydihal 
ridges  G^  H,  will  be  indicated  by  a  sign  placed  cither  to 

the 
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the  right  or  to  the  left  of  the  letter,  accortiing  as  they  shall 

take  place  in  one  direciion  or  another. 
/    .i 
Thus  D  will  express  a  decrement  by   two   ranges,  going 

from  D  tosvards  C;  C  a  decrement  by  three  ranges,  a:oin<' 
from  C  towards  D;  D  a  decrement  by  two  ranges,  desceiid- 

ing  on  the  face  M  ;  'H  a  decrement  by  three  ran^res,  goint' 
from  H  towards  Q ;  -G  a  decrement  bv  fonr  ranges,  £!;oing 
from  G  towards  the  rigge  opposite  to  H,  Sec. 

In  the  case  in  which  v\e  should  be  obliged  to  desifrna'eby 
means  of  a  small  letter  such  as  J,  a  decremeut  on  the  lid^e 
ur  (lig.  50),  opposite  to  that  which  bears  the  large  letter 
D  (fig.  48),  we  should  suppose  the  crystal  to  be   turned 

upside  down.     Thus  d  would  express  a  decrement  bv  two 

ranges  ascending  above  the  inferior  base  p,  as  D  u  ould 
express  one  which  is  ascending;  on  the  upper  base  P.  For 
the  sanie  reason  c  would  express  a  dccreiwent  by  three  ranoes 

proceeding  from  sp  (fig.  50)  towarfis  EO. 

if  the  sHiric  solid  an^cle  or  the  same  ridee  undergoes  se- 
veral successive  decrements  ,on  the  same  s\dc^  or  several 
decrements  uhich  take  place  on  different  sides,  we  shall 
repeat  the  same  number  of  times  the  index  letter,  varying 
the  cvphers  conformably  to  the  diversity  of  the  decrementSi. 

Thus  D  D  will,  designate  two  decrements  on  the  ridge  D^ 

the-one  by  two  ranges  ascending  on  the  base  P,  the  other 
bv  three  ranges  descending  on  the  face  M.  ^H,  'H  will 
dcsionale  two  decrements,  the  one  Ij^'  two  ranges,  the  other 
by  four,  to  the  left  of  the  ridge  H,  he. 

}f  there  are  mixed  decrements,  we  shall  indicate  them  oil 
the  same  principles,  by  employing  the  fractions  -J,  |-,  &c., 
which  represent  them,  and  the  numerator  of  which  refers 
to  the  decrement  in  breadth,  and  the  denominator  to  llie 
decrement  iii  height. 

Jt  how'remains  to  find  a  methrxl  of  repre>entinrr  the  in- 
temiediate  decrements,  ^n  example  wili  show  that  which 
we  have  adopted.  LetAEOI  (ng.  51)  be  the  sanie  face 
with  fig.  48.  Let  us  suppose  a  decrement  by  one  range  of 
double  molecules,  followinii  parallel  lines  x  y,  sothaiO^f 
measures  double  lines  by  one  ridge  of  molecules,  and  O  x 
lines  simply  equal  to   this  ridge.     We  shall  thus   indicate 

this  decrement  (QD'F^).     The  parenthesis  shows  in  the 

first  place  that  the  decrement  is  intermediate;  O  indicates 

that 
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tb^t  it  takes  place  by  one  range  on  .the  angle  marked  br 
the  same  letter,  and.  that  it  refers  lo  ihq  base  AEOl 
(fig.  48. )•  D'  F^  indicate  that  for  one  single  ridge  of  mol'.'- 
cules  subtracted  from  the  length  of  the  side  \|?>/tb^EirjB  ^e 
two  ridges  subtracted  along  the  side  F.  '.;.?['  ""i  'k-' 

It  is  useful  to  have  a  language  for  pointii^g  o\it  tbes? 
different  signs,  so  that  they  can  easily  be  written  to  dicta- 
tion., We  can  ar]^n ounce  the  signs  0%.  *0,- by  saying, 
O  two  on  the  light i'O  three  on  the  tejt :   in  order  to  au- 

Tiounce  O  O,  we  shall  sa^y  O  under  fivOj   O  above  four': 

lastlv^,  the  sign  (O  D'  F')  will  be  thus  announcer!,  williin 
parenlhesk,  O  wider  oncy  D  one,  F  /u,v.  o  v-\  3(i3  t{i  .am 
•  We  shall  give  an  example  of  the  combinatidt!  bfiHeSe 
diSerent  signs,  in  the  expression  of  a  compound  crystalline 
form.  But  we  must  previously  determine  the  order  acr 
cording  to  which  the  letters  ought  to  be  arranged  which 
concur  in  one  and  the  same  expression.  Now  if  we  adopt* 
ed  the  order  of  the  alphabet,  a  kind  of  cpnfu.-ion  would 
result  in  the  table  presented  by  the  fornuda.  Ft  seems 
more  natural  to  conform  to  the  order  which  would  direct 
an  observer  even  in  the  description  of  the  crystal,  «'.  «i 
to  commence  by  the  prism  or  by  the  middle  part,  and  in*^ 
dicate  its  different  faces  as  they  are  successively  presented 
to  the  eye,  then  passing  to  the  faces  of  the,  summit  or  of 
the  pyramid.  This  will  be  elucidated  by  the  various  ex- 
amples to  be  cited  in  the  co,nrse  of  this  article.  ;    ^ 

Let  us  now  suppose  that  fig-  52  represents  the  variety  of 
feldspar,  called  bibinary^  the  primitive  form  of  whicli  is 
seen  in  fig.  48.  In  this  variety,  the  pane  /  (fig:  52.)  results 
frovii  a  decrement  by  two  ranges  on  the  ridge  G  (fig.  48.) 
going  towards  H ;  the  pane  M  (fig.  52.)  answers  to  that 
which  is  marked  with  the  same  letter  (fig.  48.),  and  which 
is  only  partly  concealed  by  the  effect  of  the  decrement* 
The  pane  T  (tig.  52.)  is  parallel  to  T  (fig.  48.) ;  thepcnta- 
<ron  X  (fig.  52)  proceeds  from  a  decrement  by  two  ranges 
on  the  angle  I  (fig.  48.)  parallel  to  the  diagonal  which 
8;oes  fropi  A  to  O  :  lastly,  as  thisdecrement  no  longer  At- 
tains its  limit,  the  summit  bears  a  second  pentagon  P 
(fip.  52.)  parallel  to  the  base  P  (fig.  48).  All  this  descrip- 
tion inay  be  thus  translated  into  five  letters  ,G*  M  T  FP. 

I  confined  myself  in  the  first  place  to  gix^e  the  pure  antf 
simple  expressions  of  the  indicative  signs,  similar  to  those 
which  we  have  seen.  But  1  afterwards  perceived  ihat'f 
could  not  take  too  many  precautionsj  in  order  to  free  this 

lang>jage,' 
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language,  already  extremely  concise,  from  every  thing  enig- 
matical, and  because  in  the  case  particularly  when  the  form 
was  composet]  of  a  great  number  oF  facets,  which  would 
necessarily  imply  a  proportional  complication  in  the  expres- 
sion of  the  sign,  beginners  woulJ  be  embarrassed  to  make 
the  relation  between  one  and  the  other.  '-.  _, 

To  obviate  this  difficulty,  I  thought  it  right  to  placie  un- 
der the  different  letters  which  compose  the  sign,  those 
which  correspond  with  them  on  the  figure.  By  means  of 
tliis  addition  the  sign   of  the  bibinary  feldspar  is  presented 

as  follows  :  G*  M  T  I  P.    This  is  the  method  which  I  shall 

/         M       T    «    I' 

use  in  the  course  of  this  work,  w  ith  respect  to  all  the  cry- 
stalline forins,  adding  to  each  sign  a  kind  of  guide,  which 
vi-ill  serve  for  recovering  its  form,  however  complicated  it 
may  be. 

We  shall  pass  to  the  parallclopipedons  of  a  more  regular 
form,  and  in  the  first  place  consider  the  cases  in  which  they 
differ  from  the  rhomboid.  We  shall  suppose  that  each  of 
them  is  nolhin;^  else  than  that  of  fig.  48  ;  the  form  of 
which  has  varied  so  as  to  become  more  symmetrical.  As 
a  consequence  of  tliis  variation,  certain  solid  or  salient  all- 
eles, which  were  different  on  the  first  parallelopipedon,  have 
oeconve  equal.  All  that  takes  place  on  one  is  repeated  an 
tiie  other,  and  they  consequently  ought  to  be  marked  with 
the  same  letter.  It  \%  thus  that,  in  algebra,  certain  general 
eolulicms  are  simpiiiied  in  the  particular  cases  where  « 
if^uantity,  wliith  we  had  at  first  supposed  different  froi«i  an- 
other law,  Ix-comes  equal. 

Let  us  conceive,  tor  ex nniple,  that  the  primitive  form  is 
a  straight  prism,  which  has  for  bases  oblique-angled  pa- 
ralleloirrams,  one  side  of  which  is  longer  than  the  other: 
We  shall  have  (fig.  48.)  0=A,  I=E,  &c.  We  shall 
sabstitute,  therefore,  on  both  occasions,  tlie  second  letter 
for  the  tirst,  as  wt  see  oii  fig.  53. 

Bv  continuing  to  run  over  the  various  modifications  of 
the  paralielopipedon,  we  shall  see  them  pass  bs-  tiiffererit 
degrees  of  simplicity,  which  will  determine  new  equalitR'S' 
between  the  lettcjs  indicative  of  their  angles  and  of  tbetr 
edges  ;  and  we  shall  have  successively,  Vi>.) 

For  the  oblique  prism  with  rhomoic  bases,  the  expres- 
sion repieatntc-d  iu  fig.  54. 

For  the  straight  prisjin,wiih  rectangular  bases,  that  which 
»e  tee  ill  fio;.  55.     .:...:,..  ;      ■    . 

For  the,  straight    prism   with  rhombic  bases,    that  of 

■",'"'  For 
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For  the  strgLigiu  prism  with  square  bases,  that  of  fig.  57, 

!.  yij. 

-*"  Finally,  for  the  cui)c,  tliat  of  fig.  58.  Herewe  have  only 
ilesignated  the  superior  base  by  letiers,  because  we  ni.iv 
apply  to  the  one  aiiy  of  the  other  faces,  which  takes  place- 
wiih  respect  to  that  base. 

We  shall  follow,  with  respect  to  all  these  clifTerent  pri- 
mitive forms,  a  method  of  c\phering  anal-o'^ous  with  that 
wliich  we  have  adopted  for  the  obliquc-angied  parallelo- 
gram of  fis^.  48,  by  dispensing  with  a  repetition  of  thelet- 
ters  of  tlie  same  word  cyphered  in  ihesnme  maimer. 

An  example  will  show  this  method.  Fig.  59.  represents 
the  mosf  coninion  varietv  of  the  cvmophanc,  the  nucleus 
of  which  is  a  rcctanglcd  parailelopipedon  as  \vc  see  it  in  ^\<£.. 
55.     The  sign  of  the  secondary  crystal  vvill  be  M  T  'G  G^ 

B  A^'A.    I  have  named  this  variety  annular  cymopliane. 

That  we  may  better  seize  the  course  which  has  led  us  to 
the  foresoing expression,  we  shall  indicate  all  the  angles  by 
as  many  particular  letters,  as  if  the  paiailelopipedon  was 
an  oblique  angle.  See  fig.  60.    The  sign  will    become    MT 

^GH'BFEl^O.  But  on  comparing  fig.  &).  with  fig-.  55. 
we  find  that  H  =  G^  F=B,  0=A,  &c.  "By  thus  subsiitut- 
ing,  instead  of  the-  first  letters,  their  values,  we  shall  have 

^  113! 

MT^GG' BB  A'"A,    which     returns    to    the  expression 

indicated  above,  suppressing  the  useless  repetition  of  B. 

,  It  results  from  the  above,  that  we  must  avoid  confound- 
ing, for  instance  -GG-  with  G^  -G.  The  first  sign  indi- 
cates decremen.ts  which  take  place  on  the  face.T  (fig.  55) 
and  upon  that  wnich  is  opposite  to  it,  going  from  the 
ridii'es  G  towards  iu>;e- corresponding  with  them  behind 
the  parallelopipcdun  ;  the  second  designates  decrements 
which  take  place  on  the  face  M  going  to  the  meeting  of 
both.  If  the  two  decrements  took  place  simultaneously, 
Ihcir  representative  sign  would  Ik'  -G^ 

In  the  foreiToing  signs,  every  letter,  such  as  *GorG-,  can 
only  be  applied  t;)  a  smgle  ridge,  situated  like  tbis  fetter  it- 
self, to  the  right  or  the  left.  But  ^G'  is  applied  indifferently 
to  both  ridsies  ;  it  is  therefore  of  no  use  to  repeat  this  letter. 
-  We  shall  give  a  new  example  drawn  from  the  distich  to- 
paz (fig.  61).  If  we  suppose  that  fig.  5o.  represents  the 
primitive  form,  which  is  a  straight  prism  with  rhombic 
basts,  we  shall  have  for  the  sign  of  the  variety  in  question 


On  Crystallography.  <j^3 

In  this. sign  the  quantity  ^G^  indicates  two  distinct  faces, 
which  aie  formed  on  both  sides  of  each  ridge  G  (fi^.  56), 
But  it  is  not  necessary  to  place  two  letters  under  this  sign, 
because,  all  the  faces  situated  in  the  same  manner  being  de- 
signated by  the  same  letter  on  the  figure,  it  is  sufficient  that 
the  si2,n  -G^  refers  to  the  marked  faces  of  the  letter  o,  which 
requires  only,  that  this  letter  should,  be  written  once  under 
the  sign. 

We  shall  easily  conclude  from  the  same  principles,  that 
the   doiiecahedroii  with   rhombic  planes  originating  from 

the  cube  (fig.  58)  is  expressed  by  this  single  letter  B  B,  that 

the  octahedron  ori2:inatin2;  from  the  same  nucleus  has   for 

its  frign  A  '-A',  Sec. 

The  rhomboid,  by  supposijig  it  placed  under  the  most 
natural  aspect,  i.e.  in  such. a  manner  that  the  two  solid 
angles,  composed  of  tliree  equal  plane  angles,  are  on  one  and 
the  same  vertical  axis,  has  not  properly  bases,  but  merely 
two  summits j  which  are  the  cxtreniiiics  of  the  axis.  V/e 
shall  designate  its  angles  and  ridges  as  in  fig.  6'2.  The  let- 
ter e  n)akes  known  that  the  angle  which  bears  it  is  similar  to 
that  marked  uiih  the  larger  letter^  so  ihat  if  all  the  lateral 
angles  had  their  indications  expressed,  the  three  nearest  the 
upper. 'Sunimits  would  bear  the  letter  E;  and  the  three  which 
adjoin  tlie  lower  summits,  and  which  are  diametrically  op- 
posite t-o  the  first,   would  have  e  as  their  indicative  letter. 

As  the  rhomboid  has  its  six  faces  equal  and  similar,  it  is 
only  necesKary  to  consider  the  decrements  relative  to  one 
of  the  faces,  as  that  which  on  the  figure  bears  the  letter  P, 
because  all  the  rest  are  merely  the  returns  of  this.  ']"his 
being  done:  1st,  the  decrements  which  set  out  from  the 
upper  angle  A  or  from  the  upper  edge  B  v.ill  have  their  in- 
dicating cypher  placed  below  the  letter. A  or  E ;  2d,  those 
which  set  out  from  the  lateral  angles  E  wjll  have  their  cy- 
pher situated  on  one  side,  towards  the  lop  or  the  same  let- 
ter; 3d,  with  regard  to  those  which  set  out  from  the  lower 
angle  e,  or  from  the  lower  edge  D,  the  c\pher  destined  to 
express  them  will  be  placed  above  the  letter  e  or  D. 
•  Let  us  suppose,  for  example,  that  fig.  63.  represents  ana- 
logical carbonated  lime  already  mentioned  :  ue  shall  have 

the  following  sign  e  D  B,  the  interpreLition   of  which    is 

^    c     r       i; 

ejlsy.  Prom  combining  the  letters  wliich  indicate  the  faces 
.with  those  which  express  the  decrements   of  uhich  t'tresc 
same  faces  are  the  resyit. 

What 


464  On  Crystallography, 

What  has  been  said  relative  to  theparallelopipedon  is  of 
itself  applicable  to  the  oiher  primitive  tonus.  W^  shall  go 
over  thein  successively. 

Fig.  61.  represents  the  exprcssioTi  of  the  octahedron  with 
scalene  triangles  ;  fig.  65.  thai  ot  iheoctahedron  with  isosceles 
triangles,  and  fig.  QQ,  that  ot"  the  regular  octahedron. 

In  order  to  place  the  cyphers  which  acconipany  the  letters, 
we  shall  cont'orm  to  what  has  hetn  said  relative  to  the 
rhomboid.  Thus  in  fig.  6b,  we  shall  place  the  cypher  below, 
for  the  dccrenif  ntft  wnici\  set  out  from  the  angle  A  or  from 
the  ridirc  B  ;  above,  for  those  which  set  out  from  the  ridge D } 
and  on  one  side  for  those  which  set  out  from  the  angle  E. 

Ir"  we  wished  to  designate  the  result  of  a  decrement  by 
one  range  on  all  the  angles  of  the  regular  octahedron 
(fig.  66.),  we  should  write  A 'A'  ;  and  in  order  to  indicate 

the  rcsuli  of  a  decrement  by  one  range  on  all  the  edges,  we 

should  write  B  B.     The  first  of  these  decrements  produces 

a  cabe,  and  the  second  a  dodecahedron  with  rhombic  planes. 

In  some  species,  such  as  nitrated  potash,  the  primitive  oc- 
tahedron^ the  surface  of  which  is  composed  of  eight  isoscele 
friangles  four  and  four  similar  to  each  other,  ought  to  have 
the  position  represeiUed  in  fig.  67.,  in  order  ihat  the  secon- 
dary crystals  may  be  in  the  most  natural  attitude,  i,  e.  that 
the  ridges  at  ihe  junction  of  the  two  pyramids  which  com- 
pose the  octahedron  ought  to  be  partly  in  the  vertical  di- 
rection like  F,  and  partly  in  the  horizontal  <tirection  like  B. 
On  comparing  ^g.  07.  with  fiii.  6S.,  in  which  we  have  acted 
by  placing  ihe  letters  as"  if  all  the  angles  and  all  the  ridges 
had  particular  functions,  we  shall  easily  conceive  the  distri- 
bution adopted  in  fig.  67.,  and  reduced  to  the  symmetry  of 
the  true  primitive  form  :  for  in  the  present  case  we  hav^e 
E=A,D  =  C,  G  =  F. 

We  shall  place  the  index  cypher  below  the  letter,  with 
respect  to  decrements  which  set  out  from  B  ;  on  one  side 
or  bclow^  with,  respect  to  such  as  set  out  from  A,  according 
as  their  eficct  shtJ.l  be  referred  to  the  triangle  A  I  A  or  i^y 
the  triangle  A  I  F ;  above  or  below  with  respect  to  those 
which  set  out  from  C,  according  as  their  etlect  fchall  take 
place  in  the  same  vi-ay  on  the  first  or  on  the  second  triangle;' 
on  one  side  with  respect  to  the  decrements  v\  hich  set  out 
from  F;  above  and  below,  or  on  both  sides,  for  ihe  decj-c-' 
mcnts  which  stt  out  from  I,  according  as  their  eflr<^ct  shall 
be  directed  towards  B  or  towards  F. 

The  tetrahedron  being  always  regular,  when  it  becomes 
the  primitive  form,  its  expression  will  be  represented  fig.  69. 

la 
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In  order  to  indicate;  for  example,  a  decrement  by   three 

3  . 

Jranges  on  all  the  edges,  we  shall  take  B  B ;  and  m  order  to 

designate  one  by  two  ran^ei  on  all  the  angles,  we  shall  take 
A-A-,  as  in  the  case  ot  the  regular  octaliedron. 
*  A  single  glance  at  fior.  /O,  will  be  sufficient  to  give  an  idea 
of  the  designation  of  Fhe  regular  hexaheural  prism  in  or- 
dinary cases  ;  and  as  to  the  manner  of  placing  the  cyphers, 
we  shall  not  detain  our  readers  a  moment,  because  it  is  easily 
deduced  from  thaf  which  we  have  adopted  with  respect  to 
quadrangular  prisms. 

But  it  sometimes  happens  that  three  of  the  solid  angles 
iaken  alternatelv  are  replaced  by  facets,  while  the  interme- 
xliate  angles  remain  untouched.  In  this  case  the  expres- 
sion of  the  prism  will  be  that  which  we  see  in  fig.  Jl- 

In  the  rhomboidal  dodecahedron  (fig. -7 -2,  Plate  VIII.) 
each  solid  angle  conijDosed  of  three  planes  may  be  assimi- 
lated ta  an  obtuse  rhomboidal  summit  ;  and  thus  we  shall 
confine  ourselves  to  decvphering  a  single  face,  as  the  figure 
represents, 

.Hitherto  we  have  not  been  in  the  habit  of  employing  the 
siga  of  the  dodecahedron   with  isosceles  triangvdar  planes 
because  it  is  more  natural. to   ?ul;stitute  ill  its   stead,  as  a 
primitive  fcirm,  the  rhomboid  from  which  it  is  derived,  and 
which  gives  still  mni-e  simple  laws  «f  decrement. 

It  remains lo  make  known  the  method  of  representmg  a 
particular  circum^,tance  which  occurs  in  some  crystals,  in 
which  the  parts  opj^osite  to  those  which  undergo  certain 
laws  of  decrement  remain  untouched,  or  are  mcdified  by 
different  laws..  This  circumstance  particularly  applies  to 
tourmalines,  and  it  is  then  easy  to  indicate  the  difference  by 
means  of  zeros.  For  example,  in  the  equidifferent  tour- 
maline represented  in  fig.  74.,  and  of  which  we  see>the 
rhou^boida!  nucleus  (fig^ys.),  the  prism  which  is  enneago- 
iious  has  six  of  its  panes,  viz.  s,  s  (fiii".  74.)  produced  by 
subtractions  of  one  range  on  the  ridges  D,'D  (fig.  73.)  ;  and 
the  three  others,  such  as  /,  by  suijtractions  of  two  rang.'-s 
solely  on  the  thfce  angles  e.  Moreover,  the  lower  sunmiit 
has.  simply  three  faces  parallel  to  those  of  the  nucleus, 
fi^i[&  on  ih'C  upper  summit  ; he  three  ridges  B-are  replaced 
each  by  a  facet  n,  it  (ti^.  74;)  in  virtue  of  a  decrement 
which  does  not  attain  Its  limit.     The  followinsr  is  the  re- 

presentative  Sign  ot  this  form.     DeEPB^.    .  The  quanti- 

-'2  '  ',    ^  •■• 

ties '"E,  &  make   known,  the  one  of  them,  that  the  ansies 
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E  (fig.  73.)  opposite  toe  undergo  no  decrement  ;  the  other, 
ihat  The  ridges  opposite  to  B  remain  in  a  similar  manner 
unaltered. 

[To  be  coiitimied.] 


LXIX.  Notices  respecting  New  Books. 

iVIr.  T.  Lkybouun,  of  the  Koyal  Military  College,  has 
juot  published  t^ie  ninth  number  of  his  periodical  work, 
entitled  The  Mathematical  Rej)ositorv :  it  contains,  be- 
sides various  articles,  solutions  of  mathematical  questions 
proposed  in  the  seventh  number,  and  a  series  of  new  ques- 
tions, to  wliich  he  sohcits  answers  from  his  correspond- 
ents, with  a  view  to  their  being  inserted  in  the  eleventh 
hi^mber..  In  publishing  this  work  the  editor  has  in  view 
to  promote  the  study  of  the  various  branches  of  the  ma- 
thematics, by  affording  to  the  student  an  Opportunity  of 
cultivating  his  powers  of  invention  in  resolving  problems 
which  depend  on  its  different  theories  ;  and  also  to  collect 
ipgether  and  preserve  the  fruits  of  the  studies  of  his  in- 
genious correspondents,  among  whom  he  includes  some  of 
tlie  most  skilful  mathematicians  in  this  country.  The 
iHimber  here  announced  completes  the  second  volume  of 
the  work  }  and  as  some  account  of  the  contents  of  both 
volumes  may  r>ot  be  unacceptable  to  such  of  our  readers  as 
cultivate  the  science  of  wljich  they  treat,  we  shall  briefly 
enumerate  them. 

Vol,  I.  part  1st,  consists  of  one  hundred  and  twenty 
questions,  both  in  pure  and  nhxt  mathematics,  almost  all 
of  v\hich  are  entirely  new,  and,  in  general,  each  is  acconi- 
])anied  with  several  solutions  by  different  mathematicians; 
Part  2d,  consisting  of  original  essays,  comprehends 
the  following  articles: — 1.  Demonstrations  of  some  pro- 
positions relating  to  such  portions  of  the  surface  and  so- 
lidity of  a  sphere  as  may  be  exactly  squared  and  cubed,  by 
Mr.  Ivory. — 2.  Demons' ration  of  a  theorem,  respecting 
prime  numbers,  by  Mr.  ivory. — 3.  Tagnani's  theorem  re- 
specting elliptic  arctic?,  rendered  more  general,  by  Mr. 
Ivory. — 4.  A  geometrical  porism,  with  two  examples  of 
its  application  to  the  solmlon  of  problems,,  by  Scoticus. — 
5.  Geometrical  propositions,  .by  Mr.  Ivory. — 6.  Solution 
of  a  dynamical  question,  by  Mr.  lyorVi— 7>v  ^1^^  thee  qui- 
librium  of  a  very  long  and  slender  cylinder  floating  in  a 
fluid,  by  Jac.  Kube. — 8.  O.tVth.c  length  of  an  arc  of  a 
circle  in  terms  of  the  tangent,  by  Mfr^^r^l^^mjiQowpQviz. 
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—9,  Geometrica!  porismsj  bv  Mr.  Noh!e. — 10.  Dlophan- 
tine  problems,  bv  Mr.  CunlitVe. — II.  Probleins  relating  to 
the  twiliorht  of  shortest  duration,  by  Astronoiiiicus. — 12. 
Certain  flufnfs  expressible  bv  an  elliptic  arch,  bv  Mr.  Ciui- 
liffe. — Part  3d  is  composed  of  mathematical  memoirs 
extracted  from  works  of  eminence,  and  contains,  1.  So- 
lutions of  some  problems  relative  to  spherical  triang'es, 
together  with  a  complete  analysis  of  these  triangles,  by  La 
Grange.  From  Journal  de  rEcole  Poly tec/iniiiis. — 2.  An 
Essav  on  numerical  analvsis  and  the  transtjrmation  of 
fractions,  bv  the  same  author,  and  from  the  same  work. — 
3.  On  the  inverse  method  of  central  forces,  by  Mr.  John 
Dawson.     From  the  Manchester  Memoirs. 

Vol.  n.  part  1st,  consists  of  a  hundred  and  twenty 
questions,  each  with  several  answers.  Part  2d  contains 
the  foUowins;  original  articles  : — 1.  Demonstration  of  a 
proposition  in, mechanics,  by  A.  B. — ■2.  On  the  motion  of 
pendulums  whose  points  of  suspension  are  moveable,  by 
Mr.  Gough. — 3.  An  ocular  demonstration  of  the  forty- 
seventh  proposition  of  the  first  book  of  Euclid,  by  Mr. 
Douglas. — 4  and  5.  On  the  sums  of  certain  infinite  series, 
by  Mr  Cunlifl'e, — (5.  Solution  of  a  dynamical  quest/on,  by 
Mr.  Barry. — 7.  Some  properties  of  parallelograms,  with 
the  application  of  them  to  the  moments  of  forces,  by  Mr. 
Gough. — 8  Solutioi.s  of  sume  mechanical  probieni-v  by 
A.  B. — 9.  A  diophantine  problem,  by  Mr.  Cunlifte. — 
iO.  The  theory  of  amicable  numbers,  by  Mr.  Gough. — 
11.  A  new  solution  of  a  problem  in  insurance  of  money 
on  lives,  bv  Philaiethes  Cantabrigiensis. — 12.  To  find  the 
sums  of  certain  infinite  series,  bv  Mr.  Cunlitfe. — 13.  On 
the  attraction  of  an  infinite  solid  elliptic  cylinder,  by  Mr. 
Knight. — 14.  Two  indeterminate  problems,  by  Mr,  Cun- 
liffe. — 15.  On  the  proportionalitv  of  the  force  to  the  velo- 
city, and  on  the- composition  of  forces,  bv  Mr.  KuiL'ht. — 
16.  On  the  composition  of  rotatory  motions,  by  Mr. 
Knight. — 17.  On  the  expansion  of  certain  functions,  by 
Mr.  Knight. — 18.  On  the  expansion  of  any  function  of  a 
multinomial,  by  Mr.  Knight. — 19.  Demonstration  of  a 
theorem,  in  the  diophantine  analysis,  by  Mr.  Barlow. — 
20.  Mr.  Knight  on  the  binomial  theorem. — 21.  A  dy- 
namical principle,  with  some  exaniples,  by  Mr,  BarleV- 
Part  3d  contains  a  memoir  on  elliptic  trans'cendentals,  by 
Le  Gendre.  Read  to  the  ci-devant  Academy  of  Sciences- 
in  April  1792. 

W*  underfct^nd  that  tlie  first  volume  of  the  Transactions 
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of  the  Wernerian  Natural  History  Society  h  in  tlie  press, 
and  will  appear  early  in  the  etisuing  year;  and  also  that 
Dr.  Charles  Anderson  of  Leith,  the  learned  translator  of 
Werner's  classical  work  on  Veins,  has  now  in  th»e  press  'a. 
translation  of  the  celebrated  Von  Buch's  mineralogical 
deicrijition  of  the  county  of  Landeck  in  Silesia.  Dau- 
buisson,  a  distinguished  pupil  of  the  illustrious  Werner, 
sometirne  aQ:(o  published  an  excellent  description  of  the 
Flcetz-trap  fori^jation  of  Bohemia;  and  it  gives.us  pleasure 
to  announce  that  a  translation  of  that  work,  by  a  member 
of  the  Wernerian  Society,  is  nearly  finished,  and  will  ap- 
pear early  ia  the  ensuing  spring. 


LXX.  Proceedings  of  Learned  Societies, 

UOVAL    SOCIETV. 

^ov.  :^0. — This  being  St.  Andrew's  Day,  the  Society 
held  their  anniversary  meeting  at  their  apartments  in  So- 
merset place,  when  the  President,  the  right  hon.  Sir  Joseph 
Banks,  Bart.  K.  B.  in  the  name  of  the  society,  presented 
the  gold  medal  (called  Sir  Godfrey  Copley's)  to  Mr.  Ed- 
•ward  Troughton,  for  the  account  of  his  method  of  divid- 
ing astronomical  instruments,  printed  in  the  last  volume 
of  the  Philosophical  Transactions.  In  the  president's  address 
on  delivering  the  medal,  he  took  occasion  to  observe,  that 
since  the  last  anniversary  a  new  Society  had  been  instituted 
for  the  purpose  of  *'  improving  animal  chemistry  ;"  that 
this  sccictv  considered  itself  as  a  child  of  the  Royal  Socie- 
ty, to  which  it  looked  up  as  a  patron  and  protector;  that 
all  the  papers  communicated  by  its  members,  or  others,  were 
to  be  submitted  to  the  council  of  the  Royal  Society,  and  if 
approved  of  to  be  read  and  published  in  the  Philosophical 
Transactions  ;  and  finally,  that  whilst  the  Royal  Society 
continued  to  be  the  channel  b\4which  such  papers  were 
widely  circulated,  the  advantage  ijf  forming-  select  bodies 
for  the  invesiiizaiion  of  particular- subjects  must  contribute 
•to  extend  our  knowledge  in  all  the  various  branches  of 
-science,  and  carry  them  rapidly  to  a  state  of  perfection  to- 
■  which  the  isolated  labours  of  individuals  ccfuld  hot  hope  to 
attain. 

Afterwards  the  Society  proceeded  to  the  choice  of  the 
council  and  officers  for  th.e  ensuing  year;  when,  on  ex- 
amining the  ballots,  it  appeared  that  the  toliov/ing  gentle- 
men were  elected  of  Uic  council :— 

Of 
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Of  the  old  Council. — The  riahi  hon.  Sir  Joseph  Banks, 
bart.  K.B.  Edward  Ash,  M.^D.  Sir  Charles  Blagden, 
knt.  Samuel  Goodenougli,  lord  bishop  of  Carlisle,  Henry 
Cavendish,  esq.  Humphry  Daw,  esq.  William  Marsden, 
esq.  Rev.  Nevil  Maskelync,  D.D.  George  earl  of  Morton, 
Sir  John  Thomas  Stanley,  bart.  William  Hvde  Wuiias- 
ton,  M.  D. 

Of  the  new  Council. — Jame  Brodie,  e?q.  Robert  Lfnd 
Carrington,  Richard  Chencvix,  esq.,  Thoa)as  Lord  Don- 
das,  Rev.  Henry  Fly,  D.D.  Mr.  Stephen  Lee,  WiUiam 
George  Maton,  M.  D.  George  Shaw,  M.D.  James  Smiili- 
son,  esq.,  George  Holme  Sumner,  esq. 

And  the  ofticers  were  the  rjght  hon.  Sir  Joseph  Banks, 
bart.  K.B.  president;  William  Marsden,  esq.  treasurer  ; 
William  Hyde  Wollaston,  M.  D.  Humphry  Davy,  esq. 
secretaries. 

The  members  of  the  Society  dined  together,  as  usual, 
after  the  election,  at  the  Crown  and  Anchor Taver:-..  Siraird. 

Dec.  7 J  14,  and  21. — In  the  third  section  of  tiie  Bake- 
rlan  lecture,  Mr.  Davy  detailed  a  number  of  laborious  and 
niinute  experiments  on  the  circumstances  under  •.voich  ni- 
trous acid  and  ammonia  are  produced.  He  showed  that  ni- 
trogen is  not  formed  by  the  clectrizalion  of  pure  water, 
and  that  In  most  of  those  cases  in  which  it  appears  it  pre- 
exists in  some  compound  employed  in  the  process  : — the 
facts  in  favour  of  the  coiDposition  of  nitrogen  are  those 
derived  froin  the  electrical  experinicnts  upon  tlie  amaiga- 
matioji-of  ammonia,  and  those  derived  from  the  action  of 
potassium  upon  the  same  alkali.  Mr.  Davy  brought  for- 
ward various  new  facts  and  reasoninL-s  in  support  ot  the 
opinion  that  ammonia  is  an  o>:ide. 

in  the  fourth  section  several  experiments  upon  the  earths 
are  detailed  ;  Mr.  Davy  has  succeeded  in  decomposing  si- 
lex,  alumine,  and  glucine,  by  means  of  potassium  and 
iron,  and  has  obtained  amalgams  of  the  metals  of  magne- 
sia and  lime  by  mere  chemical  agency.  Potassium  is  sent 
i-n  vapour  through  the  earths  ignited  to  whiteness,  and  mer- 
cury is  passed  into  the  tube, which  unites  to  the  new  metals. 

In  the  fifth  section  Mr.  Davy  compares  the  antrphlogis- 
tic  hypothesis  of  the  nature  of  metallic  bodies,  with  a 
modified  jihlogistic  hypothesis,  that  they  may  be  compounds 
of  uiTknown  bases  with  hydrogen;  and  he  states  that  the 
decision  upon  these  important  points  of  doctrine  cann^Jt 
be  made,  till  perfectly  correct  notions  upon  the  nature  of 
ammonia,  nitrogen,  and  hydrogen  are  acquired. 

Amongst  other  combinations   before  uniinowii;,  which 
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Mr.  Davy  describes  in   this    lecture,  is  a  new  inflammable 
gas  cuiiiposL'd  of  the  boracic  basis  and  hydrogen. 

WERNERIAN   NATURAL  HISTORY  SOCIETY. 

The  first  meeting  nf  the  third  session"  of  this  Society 
was  held  in  the  Colieg.j  Museum  at  Edinburgh  on  the  4th 
jof  November  last.  Tiiere  was  then  read  a  learned  botanical 
paper,  by  Mr,  R.  Brown,  of  London,  proposing  a  subdi- 
vision of  the  Apocintaj  of  Jussieu,  lobe  called  Asclepia- 
deoe ;  the  first  ]iaK  of  a  paper  on  meteoric  stones,  by  Mr. 
G.  S.  Hamilton  ;  and  the  concluding  part  of  an  account 
of  the  fishes  found  in  the  Frith  of  Forth,  by  Mr.  Neill. 

The  next  meeting  uas  on  the  9th  of  December,  when 
processor  Jameson  read  an  account  of  a  considerable  num- 
ber of  animals  of  the  class  Vermes,  which  he  had  ob- 
served on  the  shores  of  the  Frith  of  Forth,  and  the  coasts 
of  the  Orkney  and  Shetland  islands  ;  and  also  a  series  of 
observations  on  the  difierent  precious  stones  found  in  Scot- 
land ;  purticulariy  the  topaz,  of  which  he  exhibited  a  series? 
.of  interesting  specimens  from  Aberdeenshire,  and  among 
these  was  a  crystal  weighing  nearly  eight  ounces,  which  is 
probably  the  largest  crystallized  s[)ecimen  hitherto  disco- 
vered in  any  country.  The  secretary  laid  before  this  meet- 
ing a  communication  from  the  rev.  Mr.  Fleming  of  Bres- 
say,  describing  several  rare  Vermes  latelv  discovered  bv  him 
in  Shetland  ;  and  a  catalogue  of  rare  Plants  to  be  found 
within  a  day's  excursion  from  Edinburgh,  by  Mr.  R. 
Maughan,  sen.  At  this  meeting  the  following  gentlemen 
Averc  chosen  office-bearers  for  1810:  Professor  Jameson, 
president ;  Drs.  Wright,  Macknight,  Barclay  and  T.  Thom- 
son, vice-presidents  :  P.Walker,  esq.  treasurer:  P.  Neill^ 
esq.  secretary  :   P.  Sime,  painter. 


LXXI.  IntelUgence  and  Miscellaneous  Articles. 

W  ERNER  has  had  the  distinguished  honour  conferred  on 
Jiim  of  being  elected  one  of  the  honorary  fellows  of  the 
Royal  Society  of  Edinbur^jh  ;  and  also  honorary  member 
of  ihe  RoyaJ  Medical,  Roval  Physical,  and  Natural  History 
and  Chemical  Societies  of  Edinburgh,  and  of  the  Literary 
and  Philosophical  Society  of  Manchester. 

Tuesday,  Dec.  C6,  died  at  his  house  in  Wells  Street, 
Oxford  Street,  Tiberius  Cavallo,  esq.  F.  R.  S.  &c.,  and  au- 
thor of  several  valuable  scientific  works. 

LEC- 
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LECTURES. 

Mr.  Taunton  will  commence  his  spring  course  of  lec- 
tures on  an-i!^umv,  physiology,  pathology,  and  surgerv,  on 
Saiurday,  .T;^nuary  -27,  1810,  at  eight  o'clock  in  the  evening 
precisely.  The  lectures  u  ill  be  coutmued  every  succeedin<T 
Tuesday,  Thursday,  and  Saturday,  at  the  same  hour,  until 
the  completion  ot  the  course. 

The  structure  and  oeconomy  of  the  living  body,  with  the 
causes,  symptom^,  nature,  and  treatment  of  surrrical  dis- 
eases, and  the  modes  of  performing  surgical  operations, 
will  be  successively  described  in  the  course  of  the  above 
lectures  ;  besides  Vvhich  a«  ample  field  for  profesijlonal  acr 
quirements  will  be  opened,  by  the  opportunities  attoriied  to 
the  student  of  attending  the  clinical  and  other  practice  of 
the  City  and  Finsbury  Dispensaries,  to  which  Mr.  Taunton 
is  snrgeon. 

Particulars  may  be  had  on  applying  to  Mr.  Taunton, 
preville  Street,  Haiton  Garden. 

i.fST  OF  pate:cts  for  new   inventions. 

To  John  Brown,  of  Mile  End  New  Town,  Middlesex, 
stationer,  for  certain  improvements  on  a  machine  or  press 
for  letter-press  printing ;  and  also  for  pruning  various  or- 
natiients  and  fi.2;ures  ;  part  of  which  improvements  may  be 
applied  to  presses  now  in  use. — Nov.  gs,    I8O9. 

To  William  Cornelius  English,  of  Twickenham,  Mid- 
dlesex, esq.,  for  his  method  whereby  heated  water,  steam, 
and  air,  can  be  rendcied  serviceable;  and  more  serviceable 
for  new  purposes,  and  everv  purpose  for  which  ihev  have 
ever  been  applied,  with  less  expense  of  fuel  than  is  now 
used,  especial Iv  for  the  purjiose  of  working  the  steam-en- 
gine, and  of  warming  and  heating  bui'dmgs  and  stoves; 
and  also  vessels  and  coppers  for  all  purposes,  and  by  which 
water,  steam,  and  air  (heated)  may  be  applied  to  many  pur- 
poses.— Nov.  28. 

To  Thomas  Herbert,  oPncer  of  the  customs,  at  Maiden, 
in  E!sscx,  for  a  rotative  pump,  or  ensine  for  raising  and 
forcing  air,  water,  and  other  fluids. — Nov.  2S. 

To  James  Barrow,  of  Wells  Street,  Middlesex,  brass- 
founder,  for  an  improvement  on  the  apparatus  used  for 
rollers  for  window  blinds,  maps,  and  other  similar  ob- 
jects.— Dec.  5. 

To  George  Ware,  of  the  royal  military  academv,  Wooj- 
j*'ich,  gent.,  for  his  apparatus  and  uiacliinery  for  the  sup- 

poit 
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port  and  exercise  of  the  human  frame,  and  for  the  preven- 
tion of  bodily  deforn)ity.— Dec.  3. 

To  Samuel  Fehon,  of  Berwick  Street,  Soho,  botanist, 
for  his  botanical  or  medicinal  preparation  ;- being  a  remedy 
for  grave!  and  stony  concretions,  which  lie  denominates 
*'  Mucilage  of  Marshmallows." — Dec.  9. 

To  John  Jones,  of  Manchester,  coLton-spinner,  for  his 
new  sort  of  insirumcai,  or  machine  fur  ptcparing  and  cut- 
ting cotton  and  lin  candlewicks. — Dec.  9. 

To  John  Aiantpn,  of  Dover  Street,  Middlesex,  gun- 
maker,  fur  an  improved  lock  for  guns  and  pistols. — Dec.  1 !. 

To  John  Murray,  of  Nicholson's  Street,  Edinburgh, 
esq.,  and  Adaa»  Anderson,  of  South  Bridge  Street,  Edin- 
hurgh,  tin-plate  viork<TS,  for  a  portable  stove,  or  furnace, 
which  may  be  nuade  of  cast-iron,  forged  or  plate  iron,  or 
of  other  metals  or  malerials,  by  which  a  current  of  air  i* 
heated,  and  discharged  so  as  to  distribute  the  heat  more 
equally  than  by  stoves  such  as  aie  in  conmion  use,  and 
avoid  the  unpleasani  smell  which  they  produce;  and  which 
air,  if  necessary,  may  be  brought  from  the  external  atmo- 
sphere, so  as  to  produce  ventilation  as  well  as  warmih. 
Thai  a  stove  of  this  constmctioa  may  be  usetully  applied  in 
warming  and  ventilating  churches,  public  rooms,  halls, 
stair-cases;  and  by  means  of  tubes  connected  with  it  the 
apartments  of  houses  ;  and  v.ill  also  be  useful  lo  ventilating 
and  heating  ships  and  manufactories,  drying  difl'erent  ar- 
ticles of  manufacture,  ventilating  mines,  and  for  other 
purposes. — Dec.  14. 

To  John  Duff,  of  Great  Pultcnev  Street,  cutler,  for  an« 
invention  of  snutfcrs  on  a  new  and  iu)proved  construction, 
communicated  to  him  by  a  foreigner.— Dec.  14. 

To  Mark  Noble,  of  the  parish  of  Batterses)^  Surrey,  ew- 
gine-maker,  for  an  im])rovemeiit  on  chain  and  hand  pumps, 
and  a  iiew  invented  fire-extiuiiuishins;  eniiine  and  steam 
engine. — Dec.  14. 

To  Cliarlcs  Fred.  Davis,  of  the  parish  of  Ttchcombe,  in 
the  county  of  Gloucester,  clothier,  for  his  improvement 
in  the  manufacture  of  woollen  stocking  pieces,  by  raising 
and  producing  on  his  improved  manufacture  a  nap  or  pile 
in  resemblance  of  kersymere  and  broad  cloths.  And  also 
an  improvement  on  the  njanufacture  of  kersymere  and 
broad  cloths,  by  means  of  transverse  elasticity  given  to  his 
riiatuifacturc,  equal  in  use  from  its  ease  to  the  woollen  stock- 
ing uianufaclures. — Dec.  20. 
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N.  B.  The  Barometer's  height  is  taken  at  one  o'clock. 
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system  of  ship  building,  -128 ;  iron 

masts,  427 
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